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As RMI Rocket Power Plants 


continue to carry man faster 
and higher than ever before — 
the hope of smashing beyond 
the earth’s gravitational pull 


rapidly approaches realization. 
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improve your product with 


MYCALEX is a highly developed glass-bonded ing new efficiencies, improved perform- 


mica insulation backed by a quarter-century of ance. The unique combination of characteristics 

continued research and successful performance. that have made MYCALEX the choice of leading 
Both pioneer and leader in low-loss, high fre- electronic manufacturers are typified in the table 
quency insulation, MYCALEX offers designers for MYCALEX grade 410 shown below. Complete 
and manufacturers an economical means of attain- data on all grades will be sent promptly on request. 


<"~ MYCALEX is efficient, adaptable, 
mechanically and electrically superior 
to more costly insulating materials 

@ PRECISION MOLDS TO 
EXTREMELY CLOSE TOLERANCE 


@ READILY MACHINEABLE 
TO CLOSE TOLERANCE 


@ CAN BE TAPPED THREADED, 
GROUND, SLOTTED 


@ ELECTRODES, METAL INSERTS 
CAN BE MOLDED-IN 


© ADAPTABLE TO PRACTICALLY 

ANY SIZE OR SHAPE 
MYCALEX is available in many grades 
to exactly meet specific requirements 


CHARACTERISTICS OF 
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Tuning Switch Plate 


Tuning Coil Form 


Meets all the requirements for Grade 
L-4A, and is fully approved as Grade L-4B 
under Joint Army-Navy Specification 
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Dielectric constant, 1 megacycle 9.2 
Loss factor, 1 megacycle 0.014 
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Volume resistivity, ohm-cm 1x10 Mycalex 410 Terminal Base Mycalex 410 
Maximum safe operating 
temperature, °C 350 
Maximum safe operating pe 
temperature, °F 650 ’ 
Water absorption % in 24 hours nil 
Coefficient of linear expansion, °C x 10°6 
Tensile strength, psi 6000 
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manufacturers in almost every electronic 
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GENERAL CHEMICAL 


As a primary producer of Nitric Acid for over 50 years 

General Chemical developed the first Anhydrous Nitric Acid 
ever made. It also pioneered with special fuming grades. 
Similarly, its key position in the field of fluorine chemistry has led 
to its manufacture of Elemental Fluorine, Chlorine Trifluoride 


and related compounds. 


If you require the oxidants listed here or similar materials, consult 
General Chemical. A letter outlining your needs will receive the 
prompt, confidential attention of our Product Development 

Department. The services of its technical staff are also available 


in helping develop special products to your specifications. 


Product Development Department 


GENERAL CHEMICAL DIVISION 
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Anhydrous White Fuming 


Total Acidity 99.8% min. Reagent, A.C.S. and 
Technical, Sp. Gr. 1.49-1.50 


Red Fuming 


Reagent, and Technical 
Sp. Gr. 1.59-1.60 


FLUORINE COMPOUNDS 


Elemental Fluorine Chlorine Trifluoride 


Other Organic Fluorides 
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When radar intelligence reports approaching enemy bombers, 
the carrier-based Douglas Skyray streaks 
to intercept 


New jet interceptor—the Douglas Skyray 


A new concept in fighter planes, the 
Douglas F4D Skyray — when operat- 
ing from carriers —will let fleet 
units move deep into enemy waters, 
protected against sudden attack. 
When shipboard radar shows enemy 
bombers approaching, the Douglas 
Skyray streaks up and hovers —to 


Depend on DOUGLAS 
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keep them from hitting vital tar- 
gets. On spotting the enemy, Skyray 
slashes down at terrific speed — 
spitting a stream of bullets, and 
rockets. Yet, despite its tremendous 
speed, Skyray’s radical swept-back 
wings can bring it in slow, for easier 
landings on aircraft carriers. 


The outstanding performance char- 
acteristics of the F4D Skyray are 
another example of Douglas leader- 
ship in the many phases of aviation. 
Designing airplanes for quantity 
production to fly farther and faster 
with bigger payloads is a basic 
concept with Douglas. 


«First in Aviation 
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TO: ROCKET DEVELOPERS 
SUBJECT: HANDLING OF NITROGEN TETROXIDE 


Handling of Nitrogen Tetroxide 


presents no unusual problem. It may be 
shipped, piped, and stored in ordinary carbon 
steel equipment. 

In over ten years' experience with 
this material we have studied valves, piping, 


fittings, gaskets, and meters. If you are 


conducting rocket experiments, you may find 


that Nitrogen Tetroxide will substantially 


reduce your operating and storage problems. 
If you want information on handling, cost and [ 


availability of commercial quantities write to: 


Product Development Department 
THE SOLVAY PROCESS DIVISION 


Representative Solvay Nitrogen Products: ANHYDROUS AMMONIA + AMMONIUM 
NITRATE * SODIUMNITRATE + NITROGEN SOLUTIONS + NITROSYL CHLORIDE » METHANOL 
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PLACE HIDE! 


Guided missiles now under development will 
make the skies dangerous for any future 
attacker. Neither weather, cloud layers nor 
night will offer him protecting cover. Radar 
homing missiles such as those being designed 
by Fairchild’s Guided Missiles Division will 
.literally—leave No Place to Hide. 

With its ‘‘Lark’’ missile used in training pro- 
grams by all three branches of the Services 
— the Navy, the Air Force and the Army, 
Field Forces—the Fairchild Guided Missiles 
Division is a leader in the guided missile 
field. In its ‘“‘Lark” Fairchild has developed 
one of the most advanced guidance systems. 


ENGINE AND AIRPLANE CORPORATION 


Because of the “‘Lark’s’’ advanced guidance 
system, range has no effect on its accuracy. In 
addition, logistic support of missile batteries 
using the basic ‘‘Lark’”’ guidance system 
is simpler, since the ground control require- 
ments are less. 


While the ‘‘Lark” today is a superb training 
missile, Fairchild Guided Missiles engineers 
are designing and developing new and vastly 
improved missile systems for tactical 
applications. At Wyandanch, L. I., Fairchild’s 
Guided Missiles Division has just opened 
the first privately-built plant devoted exclu- 
sively to missile development and production. 


Wyandanch, L.1.,N.Y. 


Other Divisions: Aircraft Division, Hagerstown, Md. Engine Division, Farmingdale, N.Y.* Stratos Division, Bay Shore, L.I.,N.Y. 
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An Editorial 


This issue is the sixth of the new series of the JouRNAL 
OF THE AMERICAN Rocket Society that began with the 
September-October issue of 1951. It marks the end of 
one year of development of the new JourNAL. It 
constitutes an appropriate occasion, therefore, for the 
Editor-in-Chief, who was assigned the responsibility for 
organizing the new series, to discuss with its readers the 
present position and future prospects of the JouRNAL. 
Our achievements can be summarized in a few brief 
statements. In the past year, by virtue of the quality 
of its contents, the JouRNAL undoubtedly has earned a 
more advanced position among the scientific periodicals 
of the world. A high technical level in keeping with the 
concepts of the jet propulsion profession has been estab- 
lished through careful adherence to rigorous yet open- 
minded standards of manuscript acceptance. A steadily 
increasing number of excellent technical articles are 
being offered for publication, and a comfortable but not 
excessive backlog of accepted papers now exists. Two 
new sections, Jet Propulsion News and Technical 
Literature Digest, have been introduced which have 
proved of strong interest to many readers. 

The growth in content and the elevation of standards 
have been accompanied by marked advances on other 
sides. The circulation of the JourRNAL has climbed 
steeply in the past year. This issue is being mailed to 
fifty per cent more names than the corresponding issue 
a year ago. Perhaps more significant is the increase in 
the number of institutional libraries that have pur- 
chased subscriptions. An author seeking to place his 
paper before the largest possible group of readers com- 
petent in jet propulsion will find it now to his advantage 
to offer his manuscript to the J.A.R.S. 

Financially, the JourNAL has made striking progress 
in the past twelve months. Advertising income has 
increased eightfold on an annual basis. The advertisers 
include many of the most distinguished business 
organizations and institutions in the United States. 
Their participation is not only the result of solicitation 
by the Society but reflects as well their own recognition 
of the importance of the new JOURNAL. 

All of this growth has been accomplished not without 
bringing to the fore numerous problems, some minor and 
some major. Two of the most important deserve 
mention here, since they will affect the future character 
of the JOURNAL. 

One of these stems from the existence of military 
security restrictions throughout many of the areas of 
jet propulsion work. In the present unfortunate state 
of world tension the editors feel it their duty to main- 
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tain proper secrecy, and accordingly it is our practice to 
require that a manuscript be properly cleared if the sub- 
ject matter warrants it. Uncertainty has arisen in 
some quarters as to the proper function of an open 
scientific journal that finds itself limited thus by se- 
curity restrictions. Is it supposed to content itself with 
semitechnical articles that give information of only 
general character, or is there a more serious function it 
can perform? We are convinced that there is. 

Our technical strength as a nation depends not only 
on current work on better weapons carried on in secret, 
but even more in the long range on our capacity for new 
developments. This capacity is stimulated largely by 
open exchange of basic ideas among fertile minds in 
diverse fields, and by the transmission of such ideas to 
students in colleges and graduate schools. This free 
exchange is possible only through open publication. 
The editors hope that potential contributors will offer 
to this JourNAL their scientific advances whenever 
this can be done without jeopardizing military security. 

The second problem concerns the scope of subject 
matter of the JouRNAL. Historically the Society and 
its JOURNAL were founded to promote interest in extra- 
terrestrial flight, and from the beginning it was natural 
for most of the early contributors to focus their atten- 
tion on rocket power plant development. In recent 
years, however, the membership of the Society has 
broadened in character and now includes many pro- 
fessional engineers interested in terrestrial application 
of rocket propulsion, in the nonpropulsive aspects of 
rocket flight, and more significantly, in other forms of 
jet propulsion. It has become clear that the rocket 
motor is not greatly different from the ramjet, for 
example, and that the fundamental processes in each 
(combustion, gas dynamics, etc.) are very much related. 
Also, the power plant is no longer a more important 
factor in high-speed vehicles than, for example, the 
aerodynamic configuration or the navigational system. 
Therefore, it seemed timely last year to take steps to 
correct this early impression of the JoURNAL’s scope, 
without departing from our vital interest in space flight. 

A review of the past six issues will reveal that a 
broader policy was established not only in the accept- 
ance of contributed articles but also in the contents of 
the Jet Propulsion News and Technical Literature 
Digest sections. This policy will be continued. It is 
our hope that it will meet with approval among poten- 
tial contributors who may have felt formerly that the 
JOURNAL Was concerned narrowly with rocket motors. 

Martin Summerfield 
Professor of Jet Propulsion 
Princeton University 
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Automatic Navigation of a Long Range Rocket Vehicle 


H. S. TSIEN,'! T. C. ADAMSON,’ and E. L. KNUTH? 


Daniel and Florence Guggenheim Jet Propulsion Center, California Institute of Technology, Pasadena, Calif. 


The flight of a rocket vehicle in the equatorial plane of a 
rotating earth is considered with possible disturbances in 
the atmosphere due to changes in density, in temperature, 
and in wind speed. These atmospheric disturbances to- 
gether with possible deviations in weight and in moment 
of inertia of the vehicle tend to change the flight path away 
from the normal flight path. The paper gives the condi- 
tion for the proper cut-off time for the rocket power, and 
the proper corrections in the elevator angle so that the 
vehicle will land at the chosen destination in spite of such 
disturbances. A scheme of tracking and automatic navi- 
gation involving a high-speed computer and elevator servo 
is suggested for this purpose. 


HE behavior of a vehicle flying through air is 
closely dependent upon the aerodynamic forces 
acting upon the vehicle. If, during one period of oscil- 
lation of the vehicle, there is appreciable variation of 
the response of aerodynamic forces to the attitude of 
the vehicle through variations in speed, in aerodynamic 
coefficients, in air density, etc., then the behavior of the 
disturbed flight path cannot be described by a linear 
differential equation of constant coefficients. In fact, 
the basic differential equation actually has coefficients 
that are specified functions of time. A very simple ex- 
ample of such motion is that of an artillery rocket dur- 
ing burning of the propellant grain. As shown by J. B. 
Rosser, R. R. Newton, and G. L. Gross (1),* the basic 
differential equation for this particular case can be 
written as Bessel’s differential equation for the 
order 1/2. The general character of the solutions of 
such differential equations is quite different from the 
character of solutions of differential equations with 
constant coefficients. For instance, while for equations 
with constant coefficients the stability of solutions for 
the homogeneous equation is generally sufficient to 
insure the stability of solutions with reasonable forcing 
functions, this simple state of affairs no longer prevails 
for equations with variable coefficients. The present 
theory of control and stability is built almost exclusively 
upon the theory of differential equations with constant 
coefficients. Therefore to study the disturbed motion 
of rockets, new methods have to be used. 
R. Drenick in a recent paper (2) demonstrated the 
usefulness of ballistic disturbance theory in solving 
the control and guidance problem of ballistic trajec- 


Received April 28, 1952. 

1 Robert H. Goddard Professor of Jet Propulsion. 

2 Daniel and Florence Guggenheim Jet Propulsion Fellows. 
The computations involved in this paper were carried out by 
R. C. Evans, Daniel and Florence Guggenheim Jet Propulsion 
Fellow, and F. W. Hartwig, Captain U.S.A.F., in addition to the 
junior authors. 
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tories described by equations with time-varying coef- 
ficients. His theory is based upon the method of 
adjoint functions, first introduced by G. A. Bliss (3) 
during World War I. The purpose of the present paper 
is to make Drenick’s theory more complete and definite 
and to apply it to the problem of automatic navigation 
of a long-range winged rocket vehicle. A system of con- 
trol involving a fast computer is suggested, whereby the 
range errors due to changing atmospheric conditions 
and deviation from the standard weight of the vehicle 
are automatically corrected. The main objective here 
is not, however, to give the final design of such an auto- 
matic navigation system, but rather to show the power 
of the ballistic disturbance theory for solving such prob- 
lems and the various elements necessary for such a 
navigational system. 


Equations of Motion 


In order not to complicate matters, the vehicle is 
assumed to move in the equatorial plane of the rotating 
earth (Fig. 1). The planar motion is possible due to 
the absence of cross Coriolis force in the equatorial 
plane. The co-ordinate system is fixed with respect to 
the rotating earth, i.e., actually it rotates with the 
angular velocity Q, the speed of earth rotation. The 
value of Q is as follows: 


In the equatorial plane, the position of the vehicle at 
any time instant t is specified by the radius r and angle @ 
from the starting point of the vehicle. ry is the mean 
earth radius, its value is 

If g is the gravitational constant at the surface of the 
earth without the centrifugal force due to rotation, then 

Let R and 0 be the force per unit mass acting on the 
vehicle in the radial and the circumferential directions, 


respectively. Then the equations of motion of the 
center of gravity of the vehicle are 


[4] 

= 0 26 +2) 


3 Numbers in parentheses refer to the References on page 199. 
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where the plus sign in the second terms to the right will 
be valid for flights toward the east, and the minus sign 
for flights toward the west. 

The forces acting on the center of gravity of the ve- 
hicle are the thrust f, the lift L, and the drag D (Fig. 1). 
Let W be the instantaneous weight of the vehicle with 
respect to g, and V the magnitude of air velocity rela- 
tive to the vehicle. Then it is convenient to introduce 
the parameters WV, A, and A as follows: 

L 

v= A= wr 

It will be assumed that the natural wind velocity w is 
in the horizontal direction, positive if it is a head wind. 
w is considered as a function of altitude r. If v, is the 
radial velocity and v, the circumferential velocity, i.e., 
Ur 

% 


nil 


then relative air velocity V is computed as 
V2 = + (09 + [7] 


If B is the angle between the thrust line and the hori. 
zontal direction, then the components of forces R and 0 
per unit mass are 
R=Wsin B+ (% +w)A — 
0 = Vcos B — + w)A 
If N is the moment of forces about the center of 
gravity, divided by the moment of inertia of the vehicle, 
the equation for the angular acceleration is 


To completely specify the motion of the vehicle, the 
lift L, the drag D, and the moment m about the center 
of gravity have to be given as functions of time. Ac- 
cording to the aerodynamic convention, the L and D 
will be expressed in terms of the lift coefficient C, 
and the drag coefficient C'p as follows: 


where p is the air density, a function of the altitude r, 
and S is a fixed reference area, say the wing area of the 
vehicle. In the present problem, since the motion of 
the vehicle is restricted to the equatorial plane, the 
attitude of the vehicle essential for aerodynamic cal- 
culations is determined by the angle of attack‘ a, i.e., 
the angle between the thrust line, or body axis and the 
relative air velocity vector (Fig. 1). The control on the 
motion of the vehicle is affected, however, through the 
elevator angle e«. The parameters which will affect Cz, 
and are thus a and e. In addition, the aerodynamic 
coefficients are functions of the Reynolds number Re 
and the Mach number M. Thus 


Ci = Ci(a, «, M, 
Cp = Ch(a, M, Re) 


* Drenick (Ref. 2) seems to take the sense of the angle of attack 
a opposite to the convention of aerodynamicists. 


Juty-AuGust 1952 


It will be assumed that the thrust line passes through 
the center of gravity of the vehicle; thus the thrust gives 
no moment. Since the angular motion of the vehicle 
during the powered flight is expected to be slow, the 
jet damping moment of the rocket is negligible. The 
only moment acting on the vehicle is then the aero- 
dynamic moment m. m can be also expressed as a coef- 
ficient Cy as follows: 


where / is a reference length. The moment coefficient 
Cy is again a function of the four parameters a, e, M, 
and fe, or 


If J is the moment of inertia of the vehicle, then the 
magnitude of N in Equation [9] is 


With the rotations defined above, the system of equa- 
tions of motion is as follows: 


dr = 
at 
1 
dB 
a7? 
) 2 
= Wsin B+(ve+w)A—v,A + + 
ro\? 
g ) scl 
= Vcos B — v;A — — + + 
r 
= {Wcos B — v-A — (Ye + w)A} — 


2 ( +2) +N ll 


This system of equations is a set of first order equations 
for the six unknowns r, 8, v;,, vg B. To solve it, 


FIG. 1 FLIGHT PATH OF A LONG RANGE WINGED ROCKET 
(The size of the vehicle is greatly magnified for clear graphical 
representation. ) 
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the six initial values at the start, ¢ = 0, for the un- 
knowns must be specified. In addition, the thrust f, the 
weight W, the moment of inertia J must be given for 
every time instant. To determine the aerodynamic 
forces, the elevator angle « must be specified as a func- 
tion of time. The properties of the atmosphere must be 
known; i.e., wind velocity w, air density p, air viscosity 
and air velocity of sound must be given as functions 
of the altitude r. The angle of attack a of the vehicle 
cannot be specified; it is a quantity to be computed 
from the angle 8 and the relative air velocity vector V. 


Normal Flight Path 


Let the properties of the atmosphere be standardized 
and known as the properties of the normal atmosphere. 
The average characteristics of the vehicle and its 
power plant can be taken to be representative. Then 
if the elevator angle ¢ is given as a function of time, the 
flight path of the vehicle is determined and can be cal- 
culated by integrating the system of Equation [15]. 
The actual execution of this computation will be prob- 
ably done on an electro-mechanical computer. This 
flight path of a standardized vehicle in normal atmos- 
phere can be called the normal flight path. 

The dominating feature of the normal flight path is 
its range. This range is the distance between the take- 
off point and the landing point. The problem of naviga- 
tion is then to calculate the proper time for cut-off of the 
rocket and the proper variation of the elevator angle 
during flight so that the range is that desired. This 
problem of navigation for the standardized vehicle in 
normal atmosphere can be solved mathematically 
before the actual take-off of the vehicle, since all in- 
formation for the normal flight path is known or speci- 
fied beforehand. 


Disturbance Equations 


Natural atmospheric characteristics do not, of course, 
coincide with those assumed for the atmosphere. 
The wind velocity at each altitude changes according 
to the weather conditions; the temperature 7’ is also 
a varying quantity. Therefore one should expect 
variations from the normal flight path due to changes in 
atmospheric conditions. The actual vehicle also may 
be somewhat different from the standardized vehicle, 
in weight, rocket performance, etc. Therefore actual 
flight path will be different from the normal flight path 
if the same elevator angle programming is used. The 
problem of navigation of an actual vehicle is that of 
correcting the elevator angle programming so that the 
range of the actual flight will be the same as the normal 
flight path and the destination is reached without error. 
Due to the rapidity of flight, this navigational prob- 
lem cannot be solved by conventional method; but 
should be solved by an automatic computing system, 
which responds to every deviation from the normal 
conditions with a speed approaching instant action. 

The general problem of automatic navigation is very 
difficult indeed. However, the deviations from the 
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normal conditions are expected to be small, since the 
normal flight path is, after all, a good representation 


of the average situation. This fact immediately sug- 
gests that only first order quantities in deviations need 
be considered. This “linearization”’ is the basis of the 
ballistic disturbance theory and the present theory of 
automatic navigation. 

Let quantities of the normal flight path be denoted 
by a bar over them and deviations by the 6 sign. Thus 
for the actual flight path, 

6=6 + 68, [16] 

vp = 5, +607, v9 
The deviations of the actual atmosphere from the nor- 
mal atmosphere are expressed as the deviation of den- 
sity 5p, the deviation of temperature 67’, and the devia- 
tion of wind velocity é6w; thus 


p=ptin, T=T+67T, + bw [17] 


The deviation of the actual vehicle from the normal ve- 
hicle is assumed to be limited only to deviation of 
weight 6W and the moment of inertia 6J. That is 


[18] 


The rate of propellant flow and the effective exhaust 
velocity of the rocket is assumed to be standard. The 
wing area S and the aerodynamic characteristics of the 
vehicle as expressed by Equations [11] and [13] are 
also assumed to be invariant. 

By substituting Equations [16], [17], and [18] into 
the equations of motion, Equation [15], and retaining 
only first term deviations, one has 


dér 
dt + 
dio 
dép _ 
+ 66 
aor + a6B + + + asde + 
+ a75T' + + a,5W 
dév 
= bor + + bsdv, + + bse + L190) 
beip + + + 
= + 6B + + cydv9 + + 
+ c76T + C35 W + C95 W + C1061 | 


The coefficients a’s, b’s, and c’s are partial derivatives 
of F, G, and H defined by Equations [15], evaluated on 
the normal flight path. That is, for example, 


ar ’ oB ’ ’ 


Oe ), = (> 4 


oT ow ow 
These coefficients are calculated in detail and given in 
the Appendix. 
The system of Equations [19] and [20] is the system 
of disturbance equations. They are linear. The coef- 
ficients when evaluated on the normal flight path are 
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If the deviations 


finally specified functions of time. 
of the atmospheric properties 6p, 67’, and é6w are known, 
and if 6e, 6W, and 6/ are specified, then this system of 
differential equations determines the deviations ér, 66, 
58, 6v,, v9, and 68 from the normal trajectory. This is 
the direct problem in the ballistic disturbance theory. 
The problem of automatic navigation is however differ- 
ent from this. What is required is the function ée, 
correction to the elevator angle, such that the range 
error is zero. As suggested by Drenick (2), this naviga- 
tional problem can best be solved by the method of 
adjoint functions of Bliss. 


Adjoint Functions for Range Correction 


The principle of the method of adjoint functions is as 
follows (3): Let y;(t), 7 = 1,..... n, be determined by 
a system of linear equations 


n 
[22] 
j=l 

where a,; are given coefficients which may be functions 
of the time ¢, and Y; are specified functions of time. 
Now introduce a new set of functions \,(t), called the 
adjoint functions to y;,(t), which satisfy the following 
system of differential equations 


By multiplying Equation [22] by \; and Equation [23] 
by y; and then adding the resultant equations, it can 
be shown that 


Equation [24] can be integrated from t = t, tot = hk, 


n | t=te n 
| t=te t=1 | t=t i=1 


Bliss named Equation [25] the “Fundamental For- 
mula.” 

For the present problem, the y; are the disturbance 
quantities, i.e., 


n 
t=1 


" 


= or, = 60, = 6B 
Ya = dvr, = 6p 


Ys = 5v9, Ye 


Then, according to Equation [20], the adjoint functions 
\, satisfy the following differential equations 


+ ars + bids + 


= + bers + 
+... [27] 
+ asda + + | 


+ asdy + bards + 


The Y; are then 
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Y, = ¥,= Y;=0 

Y, = asde + asdp + + asdw + [28] 
Y; = + bedp + + bsdw bd W 

Ye = + cedp + €767 + + COW + Cy dl 


The Equations [27] do not determine the \-functions 
completely. To do that, a set of values for \ must be 
specified at a certain instant. For the problem of auto- 
matic navigation, the requirement is vanishing range 
error; then the required boundary conditions for 
Equations [27] can be determined as follows: If tz is 
the time instant of landing of the actual vehicle, /. the 
time instant of landing of the normal flight path, then 


Similarly with the subscript 2 denoting the quantities 
at the landing instant 


= + dre) 
But 
ro 


rz is, however, zero by definition, because landing 
means contact with the surface of earth, r2 = rm = 19. 
By eliminating 6t2 from the Equations [31], 


_ | _ 
[ +(#) br + o| [32] 


Therefore if the magnitudes of \, at the landing instant 
t = /, are specified as 


Ur 


1 
As = ry BA =A =O 


then the error in range is given by 


n | 


50 = | = 


i=1 | t=t 

[Aidr + A260 + + + + . [34] 
When the normal flight path is determined, the coef- 
ficients in Equation [27] are specified as functions of 
time. These equations together with the end conditions 
of Equation [33] then determine the adjoint functions 
\; The integration has to be performed “backwards” 
for t < hk, by perhaps an electro-mechanical computer. 
With the adjoint functions so determined, one can use 
the Fundamental Formula of Equation [25] to modify 
the equation for the range error given by Equation [34]: 
Let 4, denote the time instant for the power cut-off. 
Then the condition for the error 66 in range to be zero 

can be expressed as 


602 = O = + + + + Asdva + ASB] 
ti 


This is the basic equation for automatic navigation. It 
will be exploited presently. 


Cut-Off Condition 


The condition of Equation [35] for arbitrary dis- 
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dt 
gmt 
| 
n n 
d 
A2 
dt 7 
0 
| 
_| ad); 1 
dd. 
dt 
= 


turbances can be broken down into two parts: The 
sum and the integral to be set to zero separately. 
Therefore the condition to be satisfied at the normal 
cut-off instant /, is 


+ A260 + + + Asdve + = . [36] 


Since the normal cut-off instant i, is a standard time 
instant, but not necessarily the actual cut-off instant 
hy, i.e., 


Equation [36] should be converted into a more useful 
form involving the quantities at the actual cut-off 
instant. This is easily done, because up to the first 
order quantities, according to Equation [16] 


64, — (*)t= 
1 


= — ) 


Or 


Similarly, 


(6B)t=4 = — (Bah — 
= (vr — — oth 
= (Be=n — — 


where F, G, and H, are the values of these quantities 
given by Equation [15] evaluated on the normal flight 
path. In fact, they should be evaluated at an instant 
just before the normal cut-off time /; so that the accelera- 
ting force of the rocket is included and the rates of 
change of velocities are those of a powered flight. Now 
define J and J as follows, 


J = + + As*B + + As*ve + Ac*Ble=n. . [38] 
and 
J = + + As*B + + + 
where \,* are the values of \; evaluated at the normal 


cut-off time ¢t,. Then the condition to be satisfied at the 
actual cut-off instant ¢, is 


—%). . [39] 


This is the equation to determine the proper instant of 
power cut-off. 

When the normal flight path is known, J and the 
quantity within the bracket to the right of Equation 
[39] are fixed. Then the whole right-hand side of 
Equation [39] can be considered as a linearly increasing 
function of time t, if ¢ is substituted for ¢,. Simul- 
taneously J can be computed at every instant before 
cut-off by using the predetermined \,* and values of 
position and velocity of the actual vehicle obtained by 
tracking stations. The magnitudes of the quantities 
on the two sides of Equation [39] can then be continu- 
ously compared. When they are equal to each other, 
condition [39] is satisfied. Then the power cut-off 
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signal is given and the rocket power is shut off. 


Condition for Automatic Navigation — 


When the rocket power is shut off earlier or later 
than the normal cut-off instant i, the propellant left 
in the tank, if not dumped, will alter the weight W and 
the moment of inertia J of the vehicle. It is also pos- 
sible that the pay load of the vehicle is not that speci- 
fied for the standard vehicle. Then after power-off, 
there is a fixed 6W and 4/, fixed in the sense that they 
do not change with time, and are known once the power 
cut-off is affected. Of different character are the devia- 
tions 5p, 67’, 6w of the actual atmosphere from the 
standard atmosphere. These are not known unless 
they are measured. In the following, it is proposed to 
use the vehicle itself as a measuring instrument, and 
proceed as follows: 

After the cut-off condition is satisfied, the condition 
for zero range error is that the integral in Equation [35] 
should vanish. Now since the Y, in that integrand in- 
volving arbitrary disturbances 6p, 67, and éw is not 
known beforehand, this condition can be satisfied only 
if the integrand itself vanishes. That is, according to 
Equations [28], 

+ Asbs + Oe + + Ashe + AsCs dp + 


+ Asbr + + (Agas + Asbs + + (Ayay + 
Asbo + + = 0 


Or, with the following notation 


ds = + Asbs + 
dg = Aude + Asbe + Accs 
dy = + + [40] 
ds = Ayds + Asbs + Accs 
D = — + Asbo + = 
this condition can be written as 
+ + + = D.......... [41] 
Equation [20] can be rewritten as 
a;de + agip + a76T + asdw = A 
b;de + bedp + 0757 + bbw = Bp......... [42] 
+ + c76T + = C 
where 
A= — aor — — — — 
C= — c6r — C58 — — — — 


If the tracking stations for the vehicle will measure the 
quantities A, B, and C, then the atmospheric disturb- 
ances dp, 67’, and 6w can be determined by solving for 
these variations using Equation [42]. This is essentially 
using the vehicle itself as a measuring instrument for 
5p, 67, and 6w. When dp, 67’, and 6w are known, Equa- 
tion [41] gives the proper elevator angle correction 6c. 

A mathematically equivalent way to calculate de 


5 Drenick’s cut-off condition (Ref. 2) differs from that of 
Equation [39] in that the second term to the right is not present. 
It seems that this neglect is not justified and will introduce 
first order range error. 
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would be to directly solve for 6€ using the system of 
Equations [41] and [42]. Thus 


Gz 4s A a 4s 

| 

ibs be bz bs B bg b; bs 

Ce Cr C ce Cr Cs 

| 

ids ds d; ds D ds d; ds 


This equation specifies the necessary change in the 
elevator angle at every instant to be calculated from 
the quantities a’s, b’s, c’s, and A, B, C, D at the same 
instant. These quantities consist partly of predeter- 
mined information from the normal flight path, and 
partly of measured information on the position and the 
velocities of vehicle obtained by tracking the vehicle. 
At high altitudes where the air density is very small, 
the aerodynamic forces will be almost negligible in 
comparison with the gravitational and inertia forces. 
Then the quantities A, B, and C of Equation [43] will 
be the small difference of large magnitudes. These are 
then the quantities most difficult to determine accu- 
rately. If the actual elevator angle is made to con- 
form with the one calculated by Equation [44], then in 
conjunction with the proper power cut-off as specified 
in the last section the vehicle will be navigated to the 
chosen landing point in spite of the atmospheric dis- 
turbances. 


Discussion 


When the general character of the flight path is 
chosen from the over-all engineering considerations, 
the first step is the calculation of the normal flight path 
using the properties of the standard atmosphere and the 
expected performance of the vehicle with normal weight. 
The knowledge of the normal flight path then deter- 
mines the a’s, b’s, and c’s. The Equation [27] together 
with the end conditions of Equation [33] allows the 
calculation of the adjoint functions \,;. All this in- 
formation should be on hand before the actual flight of 
the vehicle, and may be called the ‘stored data.” 

Before the power cut-off, the elevator angle may be 
programmed according to that for the normal flight 
path, and the stability of the vehicle is supplied by the 
jet vanes or by the auxiliary rockets. The tracking 
stations, however, go immediately into action and sup- 
ply the vehicle with information on its positions and 
velocities. This information goes first into the cut- 
off computer which, using the stored information, con- 
tinuously compares the magnitudes of quantities on the 
two sides of Equation [39], the cut-off condition. When 
that condition is satisfied, the power cut-off is affected. 

At the instant of power cut-off, the tracking informa- 
tion is switched to the computer for automatic naviga- 
tion. The instant of power cut-off also fixes the 
amount of propellant in the tank and thus determines 
the variations of weight 6W and inertia moment é/ from 
the standard. This information together with the 
stored data on the normal flight path then allows the 
computer to generate the elevator correction angle de 
according to Equations [40], [43], and [44]. Theoreti- 
cally the value of 5€ must be obtained without time 
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delay from the instant when the information is received, 
because Equation [44] is a condition of equality of two 
quantities evaluated at identical time instants. Prac- 
tically there will be time delay due to the finite comput- 
ing time. However, it is now clear that this computing 
time must be made very short in order to satisfy the 
condition of automatic navigation as accurately as pos- 
sible. The computed correction d¢ combined with the 
elevator angle ¢ determined for the normal flight path 
then gives the actual elevator angle setting «. The 
design of the control mechanism for the elevator from 
here on follows the conventional feed-back servo- 
mechanism, with the usual criteria of quick action, 
stability, and accuracy. The general scheme of the 
automatic navigation of the vehicle then can be repre- 
sented by the sketch in Fig. 2. 


TRACKING /NFORMATION CUT OFF 


r COMPUTER 


4— 
NAVIGAT/ON 


COMPUTER é 


ROCKET CUT-OFF 


TOR 
u% B 
STORED DATA 
abc 


AMPLIFIER SERVO 


INSTRUMENT 
FIG. 2. SYSTEM OF AUTOMATIC NAVIGATION 

The primary purpose or the “duty”’ of the computer 
is then to properly digest the dynamic and the aero- 
dynamic information of the vehicle and thus to decide 
the right flight path correction that will insure landing 
at the chosen destination. The purpose or the duty of 
the elevator servo is now simply to follow the command 
of the computer. If the servo is considered to be 
internal to the vehicle, then the computer can be con- 
sidered to be a mechanism to account for the external 
conditions of the vehicle. This separation of the in- 
ternal from the external is not necessary for the control 
of conventional aircraft. For conventional aircraft, the 
basic disturbance dynamic equations have constant 
coefficients and the computer can be merged with the 
servo through a single ‘amplifier’ of essentially RC- 
circuits. 

The computers envisaged here are carried in the 
vehicle and receive the information on positions and 
velocities from the fixed ground tracking stations (4). 
It will be beyond the scope of the present paper to dis- 
cuss their design. But the required accuracy and speed 
to generate proper signal almost instantly would indi- 
cate that they should be of the electronic digital type. 
If this is indeed the proper type to be used, then the 
separation of cut-off computer and the navigation 
computer is not necessary. All could be done in one 
computer by proper programming. 


Appendix 


Calculation of Coefficients 


The quantities F, G, and H are defined by Equation 
[15]. They contain the parameters W, A, A, and N. 
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According to their definition as given by Equations [5] 
and [14], they can be written as follows: 


fg 
A= pSCiVv,? + (ve + w)? 

[45] 
A= 24 (vg + w)? | 
N= 5 (ve? + (v9 + 


where the oes coefficients Cz, Cp, Cy are 
functions of angle of attack a, elevator angle e, Mach 
number M, and the Reynolds number Re. These aero- 
dynamic parameters are related to quantities immedi- 
ately connected with the flight path as follows: 


a = — tan-!'———_, M =V/ad(r), Re = pVl/u(r) 
6 


.. [46] 


where a(r) is the sound velocity in atmosphere, and (7) 
is the coefficient of viscosity of air, both functions of 
altitude r._ In the following calculation, the thrust f 
will be considered to be a function of altitude only. It 
is also assumed that the composition of atmosphere at 
different altitudes remains the same as that of the 
standard atmosphere, only the density p and the tem- 
perature T change. Thus the variations of a and yu at 
any altitude are variations due to temperature T. 
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For A, the partial derivatives are obtained from the 
above equations by substituting A for A, and Cp for Cz. 
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With these partial derivatives, the coefficients a’s, 
b’s, and c’s can be easily calculated: 
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After the power cut-off, the thrust f vanishes. Thus 


for t > 4, V and its derivatives are zero. 
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A Method for Comparing the Performance of Power 
Plants for Vertical Flight 


H. S. TSIEN! 


Daniel and Florence Guggenheim Jet Propulsion Center, California Institute of Technology, Pasadena, Calif. 


A new method of power plant selection for vertical flight 
is proposed. It can be used to determine whether the per- 
formance of a rocket design can be improved by substitut- 
ing for the rocket motor a different power plant such as a 
ramjet. Calculations indicate that there are advantages 
in using the ramjet provided the power plant can be made 
to operate under rapid acceleration and at high altitudes. 


PROBLEM constantly facing engineers who use 
jet propulsion power plants is to determine the 
best power plant among a multitude of possible power 
plants for a particular design application. A very 
general method of power plant selection was proposed, 
perhaps for the first time, by W. Bollay and E. Redding, 
based upon the concept of lowest total installation 
weight. The total installation weight for a specified 
thrust at given altitude and speed of flight is the sum 
of dry power plant weight plus the weight of fuel and 
fuel tank for a given duration of flight at that altitude 
and speed. The fuel and fuel tank weight increase 
with the increase in flight duration. Thus, a light 
power plant with large fuel consumption, such as a 
rocket, is competitive with a heavier power plant with 
smaller fuel consumption only at short flight durations. 
This concept was extensively developed by Th. von 
Karman in his general analysis of jet propulsion power 
plants (1).2. This method of power plant selection was 
also described by A. L. Lowell (2). 

However, no actual vehicle will fly at constant speed 
and constant altitude. There is always a definite flight 
plan describing the speed and altitude as functions of 
time. Hence, true power plant selection must depend 
upon a sort of weighted average of different speeds, and 
altitudes according to the particular flight plan of the 
vehicle under consideration. If the speed and altitude 
of the vehicle are rapidly varying, as in the case of ac- 
celerated vertical flight, then the selection based upon 
total installation weight at a fixed speed and a fixed 
altitude would be quite wrong. The purpose of the 
present note is to give a different method of power 
plant selection for vehicles in vertical flight. A me- 
teorological sounding vehicle is a direct example of such 
an application. For other types of vehicle, the vertical 
powered flight is often a good approximation to the true 
flight trajectory during the application of propulsive 
power. Therefore the proposed method is believed 
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to have a wider range of usefulness than is, perhaps, 
first apparent. 


General Relation 


It will be assumed in this analysis that the gravita- 
tional acceleration and the effective exhaust velocity 
of the power plant are constants. For moderate alti- 
tudes, the decrease of the gravitational acceleration 
from its sea-level value is very small and thus negligible. 
The effective exhaust velocity of the power plant, 
defined as ratio of thrust generated by the power plant 
to the mass rate of consumption of fuel or propellant 
carried within the vehicle, is of course a variable, not a 
constant, even for a given power plant using a given 
fuel or propellant. For a rocket, this variation is 
caused by the change in atmospheric pressure with 
altitude, and is usually small enough to be neglected. 
For a ramjet, the effective exhaust velocity increases 
very rapidly with speed of the vehicle in the subsonic 
range, but in the supersonic range the exhaust velocity 
is again almost constant with respect to the speed of 
the vehicle, within the useful speed range of the engine 
(3). For other power plants, the variation of the effec- 
tive exhaust velocity may be more complicated; but 
as a first approximation, it is generally possible to use 
an average value as the assumed constant exhaust 
velocity. 

For a rocket vehicle, the air drag is proportional to 
the cross-sectional area of the body, but the mass of the 
vehicle is proportional to the volume of the body. 
Therefore for vehicles of similar design, the air drag is 
proportional to the square of the body diameter, while 
the mass of the vehicle is proportional to the cube of the 
body diameter. For large rocket vehicles the drag 
force is then negligible with respect to the gravitational 
force. Calculations seem to show that for a high 
performance rocket of 50 tons gross weight, the air 
drag reduces the velocity at the end of powered flight 
by only 5 per cent. Hence for a large rocket vehicle, 
the effects of air drag on the performance can be neg- 
lected in the approximate analysis attempted here. 
When another power plant is used, the design cannot 
perhaps be made as compact as the rocket. For in- 
stance, the ramjet requires a rather large duct to 
produce a sizable thrust. Then the air drag may not 
be negligible even for a large vehicle. However, in 
such cases the air drag of the power plant installation 
can be charged against the thrust produced. As an 
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example, the air drag of the outside surfaces of the 
ramjet duct can be deducted from the thrust, pro- 
duced by the ramjet, and the power plant is considered 
to produce a smaller “net thrust”? while the body drag 
is considered to remain at the same magnitude without 


the ramjet duct. Therefore if one takes the effective, 
exhaust. velocity as that based upon the net thrust, 
then the same argument for a large rocket applies and 
the drag of the body can be neglected for large vehicles. 

For vehicles that are not so large, neglect of the 
air drag will certainly introduce an error. But the 
emphasis here is the comparison of the performance 
obtainable from different power plants rather than the 
absolute value of performance. Therefore the error 
made in this way is believed to be not large, and the 
method given below is useful even for moderate-sized 
vehicles. 

Let m be the mass of the vehicle at time instant t 
when the vertical position and vertical velocity of the 
vehicle are y(t) and j(t), respectively. Denote by c 
and g the constant exhaust velocity and the gravita- 
tional acceleration. Then the balance of inertia force 
and gravitational against the thrust (Fig. 1) gives 


dm dy ) 
If the initial velocity at t = 0 
is zero, as is usually the case, 
Equation [1] integrates to 
m 

If the subscript 1 denotes con- 
ditions at the end of the 
powered flight, then Equation 
gives 


mo 
log = + gti) [3] 
This is the fundamental per- ‘ 


formance equation for vertical 
flight. It has been derived 
previously by many authors 
(4), but the present deviation 
clearly shows that it is quite 
general and independent of the 


particular way the thrust is cH 
programmed during _ the 
powered flight. mg 


For a vehicle intended for 
obtaining long range but 
having a vertical powered 
trajectory, the performance 
is essentially determined by | 
the velocity at the end of 
powered flight or #;. For an 
atmospheric sounding vehicle, 
the summit altitude is deter- 
mined by y; and j;. The two 
vehicles having the similar 
thrust programming during 


Fic. 1, BALANCE OF 
FORCES ON A VEHICLE IN 
VERTICAL ASCENT 
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powered flight and the same 4, and ¢, will have 
the same y: and 4;. To simplify the calculation, 
the performances of two vehicles with different power 
plants are made to be the same by specifying that 
the values of y:, 31, and t; at end of the powered flight 
are the same for the two vehicles. This condition will 
be satisfied if the acceleration programs of the two 
vehicles are the same. The thrust programs of the 
two vehicles are different, however, due to the different 
fuel consumption of the two power plants. Therefore, 
one of the criteria for equal performance is the value of 
31 + gh, occurring on the right of Equation [3]. Ac- 
cording to Equation [3], then, to have the same per- 
formance, c log (m/m,) must be the same for vehicles. 
This conditions will be used to compare the performance 
of different power plants. 

Now let wo, w;, w., and w; denote the gross weight, 
the weight of structures and pay load, the engine 
weight, and the weight of the vehicle, respectively, at 
the end of powered flight. Then 

Equation [3] can be written as 


wo 


— =y 5 
[5] 


c log 


Consider now two vehicles, both having the same gross 
weight w); one is a rocket with ¢ = c*, w, = w,*, 
w. = w,*, and 
wo* 
w.* + we* 

where ¢ is the so-called propellant loading ratio or the 
fraction of propellant weight in the gross weight. 
The other vehicle with wo = wo*, w, = w,*, but with ¢ 
and w, different from c* and w,*. This means that 
the structural weight and pay load of the vehicle with 
the alternate power plant remain the same as the 
rocket, but the engine weight is different. To compare 
the performance of the power plants, the maximum 
allowable engine weight w, for equal performance should 
be calculated. If the actual engine weight is less than 
this calculated maximum, then the pay load can be 
increased over that possible for the rocket. In other 
words, the rocket motor can be substituted by the new 
power plant with a net gain in performance. If the 
actual engine weight is higher than the calculated 
maximum, then the alternate power plant will give a 
poorer performance than the rocket engine. 

The conditions to determine the maximum allowable 
engine weight w, are 


1 Wo* 
* = 
c* log log wae + gh 


log Wo = c log wo" =y + gt [7] 
= — = Gy 
Ws + We We* + We 


Therefore by eliminating ¥; and 4, one has 


If instead of the effective exhaust velocity, the engine 
consumption is specified by the specific consumption s 
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in lb of fuel per Ib of thrust per unit time, then, since s 
is inversely proportional to c, Equation [8] can be 
written as 


We* 

where s is the specific consumption of the engine under 
investigation and s* the specific consumption of the 
comparison rocket engine. The left sides of Equations 
[8] and [9] are the maximum allowed increase in engine 
weight over the rocket engine weight divided by the 
rocket engine weight. The first factors on the right 
sides of Equations [8] and [9] are the ratio for the rocket 
vehicle of the weight at end of powered flight or burn- 
out and the engine weight. The second factor on the 
right sides of Equations [8] and [9] are plotted in Fig. 2. 

Fig. 2 shows that as the propellant loading ratio ¢ 
for the rocket vehicle increases, the allowable increase 
in engine weight for a fixed reduction in specific con- 
sumption s is extended. Thus there is wider latitude 
in the choice of power plant for high performance 
vehicles than there is for a low-performance vehicle. 
This iscertainly an encouraging fact for design engineers. 
It also points out the fact that the choice of power 
plant cannot be made independent of the performance 
of the vehicle but rather is intimately related to the 
performance of the vehicle. 


Applications 
As a first example, consider the possibility of using 
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FIG. 2. ENGINE WEIGHT FACTOR AS FUNCTIONS OF ROCKET PRO- 
PELLANT LOADING RATIO { AND SPECIFIC FUEL CONSUMPTION 8. 
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a ramjet as the propulsive power plant for a vehicle of 
the performance of a V-2 rocket. The weight break- 
down of a V-2 is given in Table 1 (5): 


TaBLE 1 YV-2 Rocket 


Pay load: 
Explosive charge 980 kg 
Auxiliary devices 300 kg 
1280 kg 
Structural Engine 1750 kg 
Pumping unit 450 kg 
Rocket motor 550 kg 
1000 kg 
Weight at burn-out 4,030 kg 
Propellant and Fuel: 
Propellant 8750 kg 
Fuel for turbine 200 kg 
8,950 kg 
Gross weight 12,980 kg 


Therefore ¢ = 8950/12,980 = 0.69. The ratio w,*/w,* 
= 4030/1000 = 4.03. The effect exhaust velocity 
including the fuel for turbine drive can be taken as 
c* = 7000 ft/sec or s* = 16.56 lb per lb thrust per hr. 

For a ramjet, the fuel consumption based upon net 
thrust can be taken as s = 4 lb per lb thrust per hr 
(3). Then, by using Fig. 2, the maximum allowable 
increase in engine weight is given by 


This means that the substitute ramjet engine could 
weigh as much as 14,900 lb without impairing the per- 
formance of the V-2. The V-2 rocket has a thrust of 
55,000 lb. This is also the average thrust to be pro- 
duced by the ramjet. Then the maximum allowable 
ramjet weight is 0.271 lb per lb of thrust. The actual 
ramjet weight is probably less than this value. There- 
fore if the ramjet can be made to operate properly under 
conditions of rapid vertical acceleration and altitude 
variation up to high altitude, then there is advantage in 
substituting the ramjet for the rocket engine. This 
possibility has motivated more accurate calculations of 
a ramjet in vertical flights by L. H. Schindel (6) and 
J. V. Rowny (7). A ramjet as the power plant for the 
first stage of a high performance seems particularly 
attractive. 

There are studies (8, 9) on the possibility of using the 
nuclear reactor as an energy source for rocket propul- 
sion. In such a nuclear rocket the reactor may take 
the form of porous material through which the working 
fluid, say hydrogen, is passed and heated. A recent 
investigation by L. Green (10) indicated the feasibility 
of such a scheme. Now one of the difficulties of using 
nuclear reactor is the heavy weight of the reactor, par- 
ticularly when a radiation shield is required. Counter- 
acting the weight is the higher effective exhaust velocity 
possible. For instance, if hydrogen could be heated to 
6000 F, then the data given by F. J. Malina and M. 
Summerfield (11) point to a value of c equal to 26,000 
ft/sec or s = 4.46 lb per lb of thrust per hr. This 
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aspect of the problem of a nuclear rocket can, however, 
be analyzed by using the present method. For ex- 
ample, if the high performance rocket with energetic 
chemical propellant has the following specifications. 


: 10 Ib per |b of thrust per hr 
7 
/We 


2.0 


Then according to Equation [9], a nuclear rocket engine 
giving performance equal to the chemical rocket can 
have an engine weight 4.89 times the chemical rocket 
notor. In other words, if the nuclear reactor together 
vith its necessary auxiliary construction increases the 
ngine weight by more than 389 per cent, then the 
uclear rocket is not feasible for the performance 
studied. If the increase in weight is not so much, then 
the nuclear rocket is worth while. 


Detail Improvement of Rocket Engine 


A rocket designer is often confronted with the 
problem of improving a given design at the expense of 
increasing the engine weight. For example, the effec- 
tive exhaust velocity of a propellant can be generally 
increased by increasing the combustion chamber pres- 
sure. But increasing the chamber pressure would 
require heavier construction and an increase in the feed 
pressure for the propellant. Increasing the feed pres- 
sure would in turn increase the weight of the feed 


system. Therefore the improvement in_ propellant 
consumption is to be achieved only with higher engine 
weight. The present analysis can be used to determine 
whether such a change will or will not improve the over- 
all performance of the vehicle. 

For small changes in effective exhaust velocity or 
specific consumption, Equations [8] and [9] can be 
simplified to relate the allowable fractional increase in 
engine weight Aw,/w,* to fractional increase in effective 
exhaust velocity Ac/c* or specific consumption As/s*. 
Thus, taking only the first order terms, one has from 
Equations [8] and [9]. 


Au. Ac 

and 

Au, As 


These equations give the allowable fractional increase 
in engine weight for equal performance. If the actual 
increase in engine weight is less, then the modification 
in design improves performance, and is thus desirable. 
If the actual increase is more, the modification is not 
practical. 

By taking the V-2 as an example, it can be easily 
calculated that 1 per cent improvement in consumption 
is worth 4.72 per cent increase in engine weight. 

(Continued on page 212) 
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Optimum Burning Program for Horizontal Flight 


ALBERT R. HIBBS? 


Jet Propulsion Laboratory, California Institute of Technology, Pasadena, Calif. 


The problem of determining the optimum burning 
program for a jet-propelled missile in horizontal flight, 
which is required to attain either the maximum total 
range or the maximum velocity at a given range, is formu- 
lated as a problem in variational calculus. The result is 
found to give only a partial solution. On the basis of this 
result a complete solution is postulated and justified, 
and the whole compared with the results of a con- 
stant burning-rate program to show the advantages of the 
optimum burning program. Consideration is given to the 
questions of optimum size and configuration and optimum 
flight altitude. 


Introduction 


| ee optimum performance of a jet-propelled missile 
can be defined in many ways. Definition is de- 
pendent upon the particular requirement such as 
maximum altitude, maximum horizontal distance, 
maximum velocity at a given point, or maximum pay 
load for a given range and missile size. The specific 
requirement must determine the nature of the investiga- 
tion. 

This paper is concerned with the problems of maxi- 
mum horizontal range and maximum velocity at a given 
point. Beyond these specifications there are further 
restrictions. Only horizontal trajectories have been 
considered. The requirement of constant altitude 
results in constant sound speed, constant air density, 
and constant effective jet velocity. Further simplify- 
ing assumptions have been made; namely, the coeffi- 
cient of drag at zero lift has been taken as constant, 
and the vertical component of the thrust has been 
neglected. It will be shown that only a small error is 
introduced by these assumptions. A similar investiga- 
tion, in which the induced drag was neglected, has been 
carried out by Puckett and Edwards (1).* 

Part of the importance of this form of the problem 
rests upon consideration of air-launched missiles, either 
the second stage of a two-stage missile or an aircraft- 
launched missile. The first type, the second stage of a 
two-stage missile, is usually launched at high altitude. 
From this launching point and for a large portion of the 
remaining trajectory, variations introduced by changes 
in altitude will be small. Therefore computations 
based on the assumption of constant altitude need not 


Received January 9, 1952. 

! This paper presents the results of one phase of research car- 
ried out at the Jet Propulsion Laboratory, California Institute of 
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2 Research Engineer. 
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be very incorrect. The second type, the aircraft- 
launched missile, will usually be of the short-range 
type, and again errors stemming from the assumption 
of constant altitude will not be great. 

Apart from these two considerations, the problem in 
this restricted form is capable of precise solution, and the 
results thereof can be interpreted without ambiguity. 
These results give a useful picture of the effects of vari- 
ous factors acting upon missiles flying on a generally 
horizontal trajectory, the relative importance of these 
effects, and the consideration which must be given 
to them in a more general treatment. 

In addition to the usefulness of this work for the 
practical problems, this calculation is significant as a 
preliminary application of the methods of variational 
calculus to more general trajectory problems. The 
more general problems lead to such complex results 
that a complete investigation of the simpler cases is 
required in order to clarify the mathematical picture. 


Equation of Motion 


The general form of the equation of motion can be 

written in accordance with the assumptions as 
dv 
m dt =T7-D 

for a missile in horizontal flight, where m is the instan- 
taneous mass of the missile, dv/dt the rate of change of 
the velocity with time 7 the thrust, and D the drag. 

The drag term must have two parts, the parasite 
drag and the induced drag. The parasite drag can be 
expressed as 

Doarasite 1/spCpSv? 


where Cp is the coefficient of drag and will be held 
constant, p is the density of the surrounding air and is 
constant as noted, and S is some characteristic area of 
the missile, such as frontal area. The induced drag 
becomes 

Lt 


induced 1 /ompb?v? 


where L is the total aerodynamic lift, p the density of 
the air, b a length (assumed to be constant) which for 
subsonic speeds is equal to the span of the lifting surface, 
and v the velocity (2). The requirement of horizontal 
flight leads to the relation L = mg, where m is the in- 
stantaneous mass and g the acceleration of gravity, 
so long as the vertical component of the thrust is neg- 
lected and the force of gravity is counteracted solely by 
the lift. The accuracy of this approximation will 
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increase with the velocity, i.e., with the decrease of 
attack angle. Using this value for the lift, the induced 
drag becomes 

mig” 


D; = 
. 


The thrust term can be written as 
lies Ve dt 

where V, is the effective jet velocity (which is constant 
for constant altitude) and dm/dt is the rate of consump- 
tion of fuel with time. 

Now the complete equation becomes (dividing 
through by mv) 


dv » dm 


v 

dz 
where x is the distance traveled by the missile. 

The variables appearing in this equation can be made 
dimensionless in several ways. Choosing a special one 
of these, namely, 

2mg 
rUpS 


Ve 

CoS 
bV2 


g CoS 
bv. 


the equation of motion can be written as 


v= 


dv 1 dm v m 


dx m dx& m vs 


The following conventions will be used to indicate 
special points on the trajectory: 
)o = initial conditions. 


( 
( )» = conditions at burnout. 
( jy = conditions at the termination of the horizontal flight. 
This last point will occur when the induced drag 
term becomes so large, because of the decrease in veloc- 
ity, that the missile is prevented from maintaining a 
horizontal trajectory and stalls. Thus v, = x, = 0, 
and “it, = m,; = the dimensionless empty mass of the 
missile. 


Optimum Burning Program 
A Application of the Calculus of Variations 


The distance traveled by the missile while burning, 
an amount of fuel equal to #7, — mM, can be expressed 
as the integral (in dimensionless form) 


+ (1/m) 
mi 
The calculus of variations may be applied to this 
integral (3). The integrand may be written as 
+ 
v(m)—? + m 


=v'U+V=F 


where 
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Both U and V are independent of v’. 
The Euler condition which the integrand must satisfy 
if the integral is to have its maximum or minimum 


value is 


d (=) 
ov dm\ov') 


With F in the form just given, the condition becomes 


ove 


ov om 


Substituting for U and V, this expression is 
or 


Equation [1] is the relation which the variables of 
mass and velocity must satisfy if the integral is to have 
either a maximum or a minimum value. The result is 
limited in application. Its algebraic nature prevents. 
arbitrary assignment of initial values to both the 
mass and the velocity. Since the variables must 
satisfy this relation at all points, only one can be 
chosen at will for the initial point. Therefore questions 
arising from independent and arbitary choice of initial 
conditions are not answered by this relation. Further- 
more, there is no chance to apply other tests of varia- 
tional calculus, such as the Legendre test, to determine 
whether or not this integral can have a maximum or a 
minimum. Separate consideration must be given to 
initial points, and some method must be devised to 
determine whether or not a maximum value of the 
range is obtained by following this relation. 

If this relationship is rewritten as 


2/5)? = (st (° +1 
(m)?/(v)? = (v) (5) 


it can be interpreted as a relationship between the 
induced drag m/s? and the parasite drag 3°. A similar 
relationship holds for the airplane (2), where the 
maximum range will be obtained if parasite drag is held 
equal to induced drag. In the present considerations 
for rocket-propelled missiles, the factor of proportion- 
ality between the two drag terms varies between unity 
for infinite velocity and '/; for zero velocity. 


B_ Problems at the Initial Point 


The problems resulting from the arbitrary choice of 
initial values for the mass and velocity can be divided 
into three types. Suppose that the initial mass has 
been predetermined; then its value, together with 2 
Equation [1], will determine the optimum initial 
velocity. But suppose the initial velocity is also pre- 
determined; then one of the three types of problems will 
arise depending on whether the predetermined initial 
velocity is higher than, equal to, or lower than the 
optimum. 
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Only the first and third types present any real prob- 
lem since in the second, when the initial velocity is 
equal to that required by the optimum relationship, 
the optimum burning program can be begun immedi- 
ately. The first type has only small practical signifi- 
cance since most missiles will begin the horizontal 
portion of their trajectory with a relatively small 
horizontal velocity. In any event, if the velocity of the 
missile is at any time greater than that required by 
Equation [1], at some previous time the velocity of the 
missile or its launching vehicle must have been equal to 
the optimum value and, at an earlier time, lower than 
optimum. 

A burning program is postulated, namely: Sufficient 
fuel is burned in an instantaneous pulse to raise the 
velocity and lower the mass to those values which satisfy 
Equation [1]. Thereafter the optimum conditions of 
Equation [1] are maintained. It is assumed that this 
program will lead to the maximum range of the missile. 
This assumption is justified by a direct comparison 
between the values of range obtained in this manner 
and those which could be obtained in any other manner. 

The chance in velocity resulting from an infinite 
burning rate (i.e., dm/di = — ©) can be derived from the 
equation of motion by setting the change in distance 
equal to zero. The velocity ,, after an amount of fuel 
my — M, has been burned, is then 
= mo 
= vo + log. 
By requiring m, and v; to satisfy Equation [1], the values 
of mass and velocity in terms of their initial values may 
be determined. At this point the missile has traveled a 
zero distance and is prepared to begin flight according to 
the optimum relation of Equation [1]. Now consider 
any small deviation from this burning program, which 
may be characterized by the requirement that a small 
amount of fuel 4% must be burned at a noninfinite 
rate. Thus dm/di = — M > — o@ when the mass 
mz, and velocity a, of the missile are such that 

mo = M m 

in 
During the burning of this small portion of the fuel the 
missile will travel a distance AZ’ which can be computed 
in terms of the initial values of mass and velocity 
My and a and the value of the mass m, at that point 
where the small deviation from the infinite burning 
rate took place. After this small deviation, the in- 
finite burning rate is re-established and continued 
until optimum conditions are reached. The values 
of mass and velocity at this point are designated as 
m,’ and @,’. It can be shown (4) that m, > m,’ and 
> Therefore, to complete the comparison, 
the flight of the missile which followed the proposed 
optimum burning program without deviation is con- 
tinued on the optimum course until its mass and veloc- 
ity are equal to the values m,’ and ¢,’ obtained by 
following the deviated course. The distance traveled 
Az for this portion of the flight can be computed. 
The ratio between the two ranges obtained by following 
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these two burning programs can then be determined as 
a function of mo, uv, and k, where k is given by 


and by Equation [2], must be greater than or equal to 
unity. Thus 

When & is equal to 1, this ratio is equal to 1. For all 
values of k greater than 1, it can be shown that the 
derivative of this ratio with respect to k is positive. 
Therefore the ratio is a never-decreasing function of / 
and has the value 1 when k equals 1. 

Since any finite burning program can be approxi- 
mated as closely as desired by a finite number of such 
small deviations from an infinite burning program, the 
assumption is proved. 

Thus, if the initial mass and velocity are such that 

> (241) 

burning fuel at an infinite rate until optimum condi- 
tions are established will lead to a greater range than 
will any other burning program for the same fuel con- 
sumption. Of course an infinite burning rate is not 
practically possible, but an initial impulse similar to 
that of a gunshot or a high-acceleration boost would 
be a feasible approximation of the requirements. 

The problem of an initial velocity which is higher than 
that required by the assigned initial mass and Equation 
{1] can be treated in a similar manner. It can be 
shown that the maximum range will result from follow- 
ing a coasting flight until the velocity has dropped to 
the optimum value and then continuing flight according 
to Equation [1]. The details are not included in this 
paper. These results lead to a general conclusion: 
Burning fuel while moving on any trajectory other than 
that determined by Equation [1] will prevent the 
missile from attaining its maximum possible range in 
horizontal flight. If the initial velocity is too high, the 
missile must be allowed to move without any fuel 
consumption until optimum conditions are established. 
If the initial velocity is too low, fuel must be burned 
with an infinite burning rate until optimum conditions 
are established. 


C Four Problems Which Arise During Powered Flight 


The powered-flight portion of the trajectory, in 
general, has already been considered under the varia- 
tional calculus. But some problems arising near the 
initial and final points of the powered flight cannot be 
adequately handled by variational means and must 
be given special consideration. There are four ques- 
tions to be answered: 

1 When the initial velocity is lower than optimum, 
it has been shown that the initial burning rate should 
be infinite. This type of burning must be continued 
at least until optimum conditions are established. 
Perhaps it should be continued beyond this point. No 
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previous calculations have indicated the contrary. 
The question then is: As soon as optimum conditions 
have been established by an infinite burning rate, what 
burning program should be applied next? 

2 When the initial velocity is higher than optimum, 
it can be shown that a coasting flight must be main- 
tained until optimum conditions are established. 
Then the question is: As soon as optimum conditions 
have been established by a coasting flight, what burning 
program should be applied next? 

3 The variational treatment has considered only 
the powered flight. The total range will comprise both 
the powered flight and the subsequent horizontal coast- 
ing flight. No previous calculations have indicated 
that the burning program which results in the maxi- 
mum range during the powered flight will produce the 
maximum total range. Since the distance traveled 
while coasting will be greater for greater burnout 
velocities, some alternate burning program which 
produces greater burnout velocities than the optimum 
program might result in the greatest total range. Any 
alternate program will, of course, result in a smaller 
range for the powered flight. Therefore the increase 
in coasting range produced by such an alternate pro- 
gram must be greater than this resultant decrease in 
powered-flight range. The question then is: Is 
there any burning program which fulfills these re- 
quirements? 

4 The maximum possible velocity at a given range 
may be required. If the range given in this require- 
ment is greater than the maximum possible powered- 
flight range, the requirement will be met by that 
burning program which results in the greatest total 
range. However, if the given range can be reached 
before the end of the powered flight, the optimum 
burning program so far outlined will not give the 
greatest possible velocity. This fact is immediate since 
the missile will attain its prescribed range while some 
unburned fuel remains. This fuel could be used to 
increase the velocity. The question then is: What is 
the burning program which will result in the maximum 
possible velocity at a given range, assuming that this 
given range can be reached on the optimum tra- 
jectory (defined by Equation [1]) before the fuel is 
exhausted? 

In answer to Question 1, it can be shown that, as 
soon as optimum conditions have been established, the 
infinite burning rate must stop and be succeeded by a 
burning rate which will cause the mass and velocity to 
maintain the relationship defined in Equation [1], 
the optimum condition. In demonstrating this fact, 
only one alternative to the optimum rate need be con- 
sidered, i.e., continuation of the infinite burning rate. 
Any noninfinite burning rate which starts with values 
of mass and velocity satisfying Equation [1] is excluded 
by the results of the variational treatment. Only the 
infinite rate fails to answer the continuity requirements 
necessary for comparison by means of the calculus of 
variations. Therefore assume that the infinite burning 
rate has been continued past that point at which the 
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mass m, and velocity 4, satisfy Equation [1]. The re- 
sulting velocity is higher than that required by the 
optimum relation. Suppose that the burning is now 
stopped at some arbitrary value of mass Mm. The 
velocity a2 at this point can be expressed as a function 
of and My 

my 

vo = + loge 
It has been pointed out that in such a case the best 
burning program to follow consists of a coasting flight 
until the velocity has dropped to its optimum value. 
The answer to Question 1 will then be found in a com- 
parison between (a) the range obtained from instan- 
taneous-pulse burning followed by a coasting flight 
(initiating and terminating at optimum conditions), 
and (b) the range obtained by following these optimum 
conditions between the same initial and terminal points 
of mass and velocity. Sketch A, a diagram of velocity 
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plotted against distance, gives a qualitative picture 
of this situation. 

The difference between the ranges is made a function 
of @, (the initial velocity of the two ranges) and a num- 
ber k which is defined as the ratio of the initial to final 
velocities. The expression of this difference is 

D = — = k) 


where % is the range obtained from following the 
optimum burning program, and #,_, is that obtained 
by burning the same amount of fuel in an instantaneous 
pulse and then coasting to the same terminal velocity. 
It can be shown that this difference is zero when k is 
unity and that the differential of this difference with 
respect to k is positive for all values of k equal to or 
greater than 1. Thus the range obtained by consuming 
any amount of fuel according to the optimum burning 
program will exceed the range obtained by burning 
this same amount of fuel in an instantaneous pulse and 
then coasting when both programs have the same initial 
and final values of mass and velocity. 

In Question 2 the conditions state that the optimum 
relation between mass and velocity determined by 
Equation [1] is established by coasting in horizontal 
flight from a velocity higher than optimum. If burning 
is to commence at this point, the rate of such burning 
must be the optimum rate. The infinite rate is ex- 
cluded by the answer to Question 1. Any noninfinite 
rate which is other than optimum is excluded by the 
calculus of variations. Therefore there are only two 
specific alternatives. One is the continuation of the 
coasting flight; the other is the commencement of 
burning according to the optimum requirements. 
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As in the treatment of Question 1, expressions for the 
distance traveled by the missile along each of the two 
alternate flight programs are developed, and their 
difference is considered. Suppose that the velocity 
at the point where optimum conditions are first estab- 
lished is ¢,. Following the coast-pulse program from 
this point, the missile is allowed to coast until some 
velocity a’ is reached. This velocity is arbitrary save 
for the requirement that it must not be so low that 
there is insufficient fuel to raise the velocity to optimum 
by instantaneous-pulse burning. Since the missile 
must maintain a horizontal trajectory, the only forces 
acting during this portion of the flight are drag forces. 
Therefore d; > d,’._ Since the velocity is now lower than 
optimum, previous considerations state that the opti- 
mum use will be made of the fuel if a sufficient amount 
of it is burned instantaneously to raise the velocity and 
lower the mass until optimum conditions are estab- 
lished. Suppose that this requirement is fulfilled. 
The velocity @; at the end of this coast-pulse program is 
then optimum. 

The alternative is the optimum program. Herein, 
as soon as the velocity 7, is reached, burning according 
to the optimum program is initiated and continued 
until the missile has reached a velocity 3;. Now the 
two alternate programs have the same initial velocities 
@, and final velocities 3;. Both these velocities satisfy 
Equation [1]. Therefore both programs have the same 
initial mass #, and final mass m3. The distances trav- 
eled in the two programs and the difference between 
them are made a function of 3; and a number k’, defined 
as the ratio of the final to the initial velocity and 
therefore always less than or equal to 1. 

The difference is zero when k’ equals 1, i.e., when 
the missile is allowed to coast for zero time on the 
coast-pulse program. The parameter k’ can be under- 
stood physically as a measure (a) of the length of time 
the missile is allowed to coast on the coast-pulse pro- 
gram or (b) of the strength of the instantaneous pulse 
necessary to return the velocity to optimum at the end 
of coasting flight. Thus the time (or the strength of 
the final pulse) is zero when k’ equals 1, and the initial 
and final velocities are identical. The time of coasting 
then increases as k’ decreases. 

The differential of the difference between the dis- 
tances traveled with respect to k’ can be shown to be 
always equal to or less than zero for k’ equal to or less 
than unity. Therefore the difference, which is zero 
when k’ is 1, can only increase as k’ decreases. Thus 
such a coast-pulse program which starts and ends at 
optimum conditions can never result in a greater range 
than the optimum program. 

Question 3 arises at the end of powered flight. It is 
necessary to determine whether the optimum burning 
program will result in the greatest total range as well 
as the greatest burning range. Therefore it is necessary 
to consider other burning programs which might suffi- 
ciently raise the burnout velocity, thus increasing the 
coasting range, in order to offset any loss in burning 
range entailed by such a deviation from the optimum 
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burning program. 

Consider an instantaneous-pulse program; 1.e., after 
the optimum burning program is followed to some point 
before burnout, the remainder of the fuel is burned as 
an instantaneous pulse. After fuel is exhausted, the 
missile coasts. The burnout mass in both cases is the 
same, whereas the burnout velocity 4), after the pulse 
burning program is greater than that for the optimum 
program @,,. Thus, after burnout of the pulse program, 
the velocity will decrease in the coasting portion of the 
flight until, in particular, it is the same as the burnout 
velocity for the optimum burning program. Sketch B 
illustrates the situation. 
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At this velocity on each trajectory the mass and 
velocity for one trajectory are equal to the mass and 
velocity for the other. The ranges for the two tra- 
jectories will not necessarily be equal. From these 
two values of range (one on each trajectory), continuing 
to the end of the flight, both trajectories must cover 
the same distance. Thus any difference in total range 
must arise in those portions of the two trajectories which 
begin when the mass = m™, and the velocity = @ (at 
the commencement of the instantaneous-pulse burning 
program), and which end when the mass = m, (the 
burnout mass) and the velocity = 3@,, (the burnout 
velocity for the optimum case). But this comparison 
is exactly that considered in the answer to Question 1, 
where it was shown that the optimum burning program 
results in the greater range. 

The instantaneous-pulse burning program then is not 
an acceptable alternate to the optimum burning 
program when maximum total range is demanded. 
Any burning program which might result in a greater 
total range than the optimum must at least give 
a greater burnout velocity than the optimum pro- 
gram. Therefore the burning rate of such a program 
must be something between the optimum and infinite. 
Sketch C illustrates this requirement. 
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Again, two programs are considered. First, starting 
from some optimum conditions characterized by mass, 
velocity, and distance parameters ™, @,, and %, re- 
spectively, a small amount of fuel — Am, is burned ac- 
cording to the optimum relationship, and a distance 
AZ, is traveled in so doing. At this point the values 
and characterize the missile. Then another 
small amount of fuel —Am, is burned at an infinite 
rate. The burning of the fuel raises the velocity to 
és without changing the range value %. Second, an 
alternate program is considered. A particular non- 
infinite burning rate —M is chosen. Thus dm/di = 
—M such that, when an amount of fuel equal to — Am, 
— Amy» is burned at this rate, the resulting velocity will 
be equal to d;. The range traveled in this process is 
then calculated. This range is less than the range 
resulting from the first of the two programs. Any non- 
infinite burning program can be approximated as 
closely as desired over a sufficiently small interval by 
such a constant rate. Thus a combination of optimum 
and infinite-rate burning which terminates in a par- 
ticular velocity and consumes a particular amount of 
fuel will result in a greater range than will any other 
burning rate which terminates in the same velocity and 
consumes the same amount of fuel. Similarly this 
combination of optimum and infinite-rate burning will 
result in a higher velocity at a given range than will 
any other rate consuming the same amount of fuel. 
The result has been demonstrated for only small in- 
tervals, but any larger interval can be constructed as 
aseries of such small intervals; the results will still hold. 
It has already been shown that, if fuel is burned at an 
infinite rate at any time after optimum conditions have 
been established and before burnout occurs, the resulting 
total range will be less than the possible maximum. 

Question 4 involving the method of attaining the 
maximum possible velocity at any assigned range has 
also been answered by the considerations just outlined. 
The burning program to be followed in order to answer 
such a requirement is twofold: First, the mass and 
velocity must be held to satisfy Equation [1] until the 
assigned value of range is reached. Second, the re- 
maining fuel must be burned at an infinite rate (or as 
close to infinite as is practically possible). 

The general conclusion noted earlier may be ampli- 
fied. If maximum range is desired, the optimum rela- 
tion between mass and velocity as given by Equation 
{1], once established, must be maintained until all fuel 
is exhausted. If maximum velocity at a preassigned 
range is desired, this same optimum relation, once 
established, must be maintained until the assigned 
range is reached. The remaining fuel is then to be 
burned as a pulse of zero duration. 


Comparisons Between Optimum Burning 
Program and Other Possible Programs 


It has been pointed out that the results of the varia- 
tional treatment are such that no further variational 
tests may be applied to determine whether or not 
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Equation [1] results in a true maximum. It is reasona- 
ble to state that, since the integrand of the range 
integral has been made to satisfy the Euler condition, 
the value of the integral is at least a maximum or a 
minimum or some stationary point. One method of 
determining which of these possibilities is correct is to 
compare the range obtained by following the require- 
ments of Equation [1] with ranges obtained from differ- 
ent burning programs. A variety of constant burning 
rates will serve this purpose. If the range obtained 
from the optimum trajectory is greater than that ob- 
tained from any constant burning rate, the second 
possibility (that the caleulus has produced a mini- 
mum) is discarded. Furthermore, favorable results of 
this comparison, together with the other computations 
presented in this paper would strongly indicate that a 
true maximum has been found. 

The results of this comparison are presented in Figs. 
1 through 6. Figs. 1 and 2 are graphs of velocity vs. 
distance for various constant burning rates and the 
optimum burning program. The two graphs differ in 
the value of initial velocity. For both values the initial 
velocity and mass satisfy Equation [1] for all the 
burning programs. Two mass-fuel ratios have been 
considered for each value, 60 and 70 per cent. In all 
cases, the optimum burning program produces the 
greatest range. 
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The slowest burning rate considered results in a 
trajectory whose velocity decreases to zero before all 
the fuel is used. If the vertical component of thrust 
has been taken into account, this stalling phenomenon 
would not be observed for such a burning rate but only 
for a rate so low that the thrust was less than the force 
of gravity acting on the missile. However, at higher 
speeds (resulting from higher burning rates) this ap- 
proximation does not introduce such an error. The 
induced drag does not become too large. 

The velocity for the optimum burning program does 
not vary widely; thus the assumption of constant 
drag coefficient has not introduced the error that might 
have been expected. 

Figs. 3 and 4 are graphs of total range against burning 
time for the various constant burning rates. It is seen 
that one of these burning times (and thus one burning 
rate) results in the maximum total range. This time 
is different for the two different initial conditions, but 
the maximum thus attained is in all cases less than the 
total range obtained from the optimum program. This 
range value is indicated by a straight line on the graphs. 

All variables are presented in dimensionless form; 
therefore several interpretations can be given to the 
two values of initial velocity assigned, one for Figs. 1 
and 3 and the other for Figs. 2 and 4. It was stated 
that the initial mass and velocity satisfy Equation [1]. 
Thus, in terms of the actual values of the variables, the 
two initial conditions imply (a) two different initial 
velocities (and two different altitudes) for the same 
missile, or (b) two missiles, differing in mass, effective 
jet velocity, or aerodynamic characteristics, whereas 
the actual initial velocity and altitude remain the same. 
Any change in the dimensionless range introduced by 
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these changes in physical parameters would of course 
be the same for the constant burning rates and the 
optimum program. The results would not be altered. 

Figs. 5 and 6 present a comparison between the 
optimum burning program and various constant 
burning rates when the initial velocity is lower than 
optimum. This initial velocity requires, for the 
optimum program, that a certain amount of fuel be 
burned at an infinite rate to establish optimum condi- 
tions. In this case, the favorable results of the opti- 
mum program are even more pronounced. Neglecting 
the vertical component of thrust is actually quite im- 
portant in this example because the induced-drag 
term is quite large at this low initial velocity. The 
lowest burning rate results in a stall very soon after 
launching when only a small portion of the fuel has been 
burned. This occurrence is unreasonable in view of the 
high burning rate considered. 

The effect of varying initial conditions has been 
considered numerically, and the results are presented in 
Fig. 7. In this consideration two values of initial 
velocity are assigned, and the initial mass is allowed to 
vary. The total range resulting from the optimum 
burning program is computed, and the results are 
plotted against the values of initial mass. Again all 
variables are in their dimensionless form. The curves 
start at a point called the equilibrium point, corre- 
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sponding to that value of mass which, together with the 
assigned initial velocity, satisfies Equation [1]. The 
curves are continued through the critical point, cor- 
responding to that value of initial mass for which all the 
fuel must be burned as an infinite pulse in order to es- 
tablish optimum conditions. After these conditions 
have been established, no more fuel remains for further 
powered flight. For all values of mass above this 
critical point, all the fuel must be burned at an infinite 
rate, but optimum conditions can never be established. 
As might be expected, each curve has a maximum range 
value for a particular value of initial mass. These 
mass values are different for each of the two curves but 
have a certain similarity. For both curves it was 
assumed that 70 per cent of the initial mass 
was fuel. For one curve an initial dimensionless 
velocity of 3/19 was chosen, with unity for the 
initial velocity of the other curve. For that curve with 
an initial physical velocity equal to '/i) the effective 
jet velo-ity, it was found that the maximum range oc- 
curred for that value of initial mass such that 94.5 per 
cent of the fuel must be burned at an infinite rate ini- 
tially. For the other curve, when the initial velocity 
was equal to the effective jet velocity, the maximum 
range was obtained from that value of initial mass such 
that 92.2 per cent of the fuel must be burned as an ini- 
tial pulse. 

From a practical point of view, it would be advanta- 
geous to find a simple, single-stage burning program 
which would result in a range closely approaching the 
maximum. The evidence just given suggests an infi- 
nite pulse burning with particular values for the initial 
velocity and mass. To check the results of such a burn- 
ing program, the total range obtained by burning all the 
fuel in an instantaneous pulse was plotted as dashed 
lines on Fig. 7. It is seen that the range for this alter- 
nate burning program, although well below the opti- 
mum range for low values of initial mass, has a maxi- 
mum differing little from the maximum computed from 
optimum requirements for each of the two initial veloci- 
ties. The computations on which the graphs are 
based showed this difference to be less than 1 per cent. 
The values of initial mass at these maxima are approxi- 
mately the same for the infinite-rate burning as for the 
optimum program. 
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Since the initia! mass referred to is a dimensionless 
quantity, varying this quantity does not necessarily 
imply varying the actual mass of the missile. The alti- 
tude of the flight, the size of the missile, its aerodynamic 
configurations, or its effective jet velocity could be var- 
ied to produce a change in the dimensionless form of the 
mass. 


Conclusions 
A General Rules 


Two burning programs have been devised to apply to 
a missile following a horizontal trajectory at any alti- 
tude for arbitrary initial mass and velocity. The first 
of these programs will result in the greatest possible to- 
tal range for the given initial conditions. The second 
will result in the greatest possible velocity at some given 
range for the given initial conditions. 

An introductory study of the effect of initial condi- 
tions and missile characteristics has been made, and the 
results are presented in graphical form (Fig. 7). These 
results can be outlined in three statements: 

1. Fora given launching velocity with a given mis- 
sile, there is one altitude at which the missile will at- 
tain its greatest possible horizontal range by following 
the optimum burning program. It will attain a range 
not significantly different from this maximum if all the 
fuel is burned initially at an infinite rate. At any alti- 
tude above or below this optimum altitude, the total 
range attainable, even by following the optimum burn- 
ing program, will be less than this maximum. 

2. For a given launching velocity at a given alti- 
tude, there is a particular size (for a missile of given con- 
figuration and effective jet velocity) which will result in 
the greatest possible range when the optimum burning 
program is followed. The other points of Statement 1 
apply here if “‘size”’ is substituted for ‘‘altitude.”’ 

3. Similar results are obtained for variations of the 
effective jet velocity and aerodynamic characteristics 
with a given initial velocity, flight altitude, and missile 
weight. 


Theoretical Example 


A numerical example will serve to illustrate these 
statements. The values used are for a theoretical sec- 
ond-stage missile. The density at various altitudes is 
taken as standard (5). The velocities considered will be 
supersonic; therefore the number b?, which appeared in 
the induced drag term and the expressions for the dimen- 
sionless variables, will have the form b? = 1/2 0C,,/0aS 
where 0C,/0a is the rate of change of the coefficient of 
lift with attack angle based on the area S. The value 
0C,,/Oa will be taken as constant. The characteristics 
of the missile are then as follows: 


Effective jet velocity.........5.......00.000% 6600 ft/sec 
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The constant b is then equal to 1.5 feet. The air den- 
sity p will be allowed to vary in the determination of ini- 
tial conditions. The initial dimensionless velocity dp is 
1, and the initial dimensionless mass as a function of air 
density is 

2.73 X 1075 
—— 


mo 


The final range in statute miles may be expressed as a 
function of the dimensionless total range 


zy = 1.50 X 10*%; statute miles 
The maximum possible total range for any altitude is 
indicated by Fig. 7. The results are summarized in 


Table 1. The greatest of these possible values is 1470 
miles and will be reached at a flight altitude of 148,000 


feet. 


TABLE 1 MAXIMUM POSSIBLE RANGE OF THEORETICAL SECOND- 
STAGE MISSILE® 


Altitude Range 
(ft) (statute miles) 
100,000 965 
120,000 1310 
140,000 1450 
148,000 1470 
160,000 1380 
180,000 1050 
200,000 675 


* Various launching altitudes are considered. The launching 
velocity is equal to the effective jet velocity. The trajectory is 
horizontal. 


If the launching velocity were 1/1 the effective jet 
velocity, the greatest attainable range for the same mis- 
sile would be 417 miles at the optimum altitude of 
130,000 feet. 


C Recommendations 


Two recommendations for further investigation result 
from these conclusions: First, the problem could be 
generalized further. It has been stated that during 
burning, according to the relation expressed in Equation 
[1], there is only a small variation in velocity; hence 
the assumption of a constant drag coefficient does not 
lead to great inaccuracy for this portion of the trajec- 
tory. However, if the initial velocity is much smaller 
than optimum, a large velocity change is introduced at 
the beginning of the flight. During this change a con- 
stant drag coefficient might be quite inaccurate. Again 
at the end of the trajectory, during the coasting phase, 
large changes in velocity occur which further limit the 
use of a constant coefficient of drag. Therefore in con- 
sideration of the complete trajectory it would be wise to 
investigate the effect of a variable coefficient, one which 
more closely approximated the true form. Similarly, 
the area b? which determines the induced drag and which 
was assumed constant is actually a slowly varying func- 
tion of the flight Mach number. The more realistic 
nonhorizontal trajectories should certainly be consid- 
ered. A solution to the problem of obtaining maximum 
range from trajectories which are not limited to con- 
stant altitude would find a more practical application. 
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Second, it has been mentioned that design character- 
istics of the missile enter into the determination of those 
initial conditions which result in the maximum possible 
range. A further study of the effect of these character- 
istics would help to determine the various criteria which 
must be satisfied by missiles so that they may operate 
efficiently at specific altitudes and with specific launch- 
ing velocities. 
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The Effect of Variable Propellant Density On Rocket 


Performance 


By H. S. SEIFERT! 


Jet Propulsion Laboratory, California Institute of Technology, Pasadena, Calif. 


Under certain rather restricted conditions, the thrust of 
a rocket may be increased by replacing part of the fuel by 
a dense inert additive. This thrust increase wil! not, how- 
ever, increase the acceleration of a rocket vehicle of high 
loading factor, but may increase the acceleration of a 
large fixed load such as an airplane. It is difficult to see, 
however, how the use of such a high density fluid (mercury, 
for example) could be practical. This analysis is offered in 
reply to a previous paper published in this Journal in 
which advantages were claimed for the use of dense inert 


additives. 


Nomenclature 

6) = vertical acceleration (general) 

«; = horizontal acceleration with pure propellant 

@» = horizontal acceleration with mixed propellant 


specific heat of pure propellant 
(. = specific heat of inert additive 
+ Mee 


¢ = = average specific heat of mixture 
m, + Me 

Ff = thrust (general) 

Ff, = thrust with pure propellant 

F,, = thrust with mixed propellant 

g = acceleration of gravity 

K = m:/m, = mass ratio; additive to propellant 

my = total initial mass of propellant mixture 

m, = total mass of pure propellant 

my = total mass of inert additive 

\ = ratio, aircraft weight to weight of ATO unit using pure 
propellant 

7) = equilibrium flame temperature of pure propellant 

7, = equilibrium flame temperature of mixture 

u = exhaust velocity after complete expansion 

Vy = volume of propellant tank 

a = ¢s/c, = specific heat ratio; additive to propellant 

8 = p»/p, = density ratio; additive to propellant 

Introduction 


HE suggestion was once made in an early issue of 
this journal? that the terminal velocity of a rocket 
might be increased if a dense fluid (for example, mer- 
cury) were mixed with the propellant during the initial 
part of the flight. It is the present writer’s belief 
that this conclusion is open to question. It is interest- 
ing, therefore, to discuss anew the effect of an inert 
and dense additive to the propellant on the perform- 
ance of a rocket. 
Let us assume for simplicity that a monopropellant 
is being pumped into a combustion chamber at a con- 


Received June 13, 1951. 

! Staff Engineer. Member ARS. 

2 “Some Possibilities for Rocket Propellants,” by A. 8S. Leon- 
ard, JOURNAL OF THE AMERICAN Rocket Society, Dec. 1946, no. 
68, p. 12. 
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stant volume rate of flow V> = dV/dt. We will con- 
sider ourselves free to fill the total fixed tank volume V5 
with a mixture, in any proportion, of propellant of 
density p; with inert fluid of density p.. It will be as- 
sumed that the propellant reacts completely and comes 
to thermal equilibrium with the inert fluid in the com- 
bustion chamber. 

The total mass flow which results from a constant 
volume flow V> may be expressed in terms of propellant 
density, the mass ratio K, and the density ratio 8. 


p2 pi 


= 
1 + 4/8 
Total = m, + = m (1 + K) 
1 K 
Note that A 8 is the volume ratio; additive to pro- 


pellant. 

The static equilibrium temperature of the mixture of 
inert additive and active propellant is assumed given 
by the calorimetric relation 


= (mec, + 


or 
The average specific heat c of the reacting mixture, 
assuming constant individual specific heats, can be ex- 
pressed (from the definition) as 
+ Ka) 
[3] 
If the mixture in the combustion chamber expands 
completely and adiabatically into a vacuum, the exhaust 
velocity u obtained will be proportional to the square 
root of the enthalpy change, or 


Influence of Variable Density on Thrust 


We are now able to calculate the thrust as a function 
of mass ratio K and density ratio 8. The thrust F,, of 
the fixed propellant flowing through an ideally expanded 
nozzle in vacuum will be, using Equations [1] through 
[4] 


Fe Mou => mMo V2T 


or 
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m, Me 1 K 
Vo = +—=m, 
| 


and 


Fa Vit+K (6) 

where Fy = Vopir/2c,7, the thrust when pure propel- 
lant is used alone (i.e., K = 0, K/B = 0) 

It is interesting to examine the behavior of Equation 
[6] as density ratio 8 and mass ratio K vary. We see 
that if 

B< K, then F,, < 


and if 
>K, then Fn > (V1 + K)F; 


Thus certain regimes of 8 and K must exist in which the 
thrust of a pure propellant can be improved upon by 
substitution of an inert but dense fluid for part of the 
propellant, maintaining total volume constant. The 
optimum value of K which results in maximum im- 
provement of thrust (maximum F,,/F;) is obtained by 
differentiating [6] with respect to K, giving 


Although an optimum value of K (with £6 fixed) 
exists, there is no optimum value of 6 with K fixed. 
The best value for 8 is simply the largest one possible. 
In a practical application of course, 8 would be fixed 
by the available fluids. $8 would be the independent 
variable, and K a continuously variable dependent 
quantity. 

The curves of Fig. 1 give the values of F,,,/F, for K 
ranging from '/, to 15, and for 8 ranging from !/, to 
12. From these it appears, for example, that thrust 
can be increased 51 per cent by filling the tank °/; full 
by weight (*/; by volume) with an inert fluid which is 8 
times as dense as the original propellant. 

The optimum volume ratio K/8 corresponding to 
optimum mass ratio K is 
K opt. 

B 

As can be seen from either Equation [7] or Equation 
[8], the lowest useful additive density is about 6 = 3, 
for which the tank is '/, full of additive. As 6 increases, 
the optimum volume ratio increases, so that at B = 8, 
for example, the tank is */; (43 per cent) full of inert 
fluid. 


406-2) = 


opt. vol. ratio = 


Influence of Variable Density on Missile 
Acceleration 


The discussion up to this point has shown that 
thrust may be increased by inert additives, and since a 
constant dVo/dt and tank volume have been assumed, 
this enhanced thrust will be exerted for the same dura- 
tion as the original thrust. However, the criterion for 
vehicle performance is acceleration, since with fixed 
duration this determines terminal velocity. If we as- 
sume a vehicle the mass of which is nearly all propellant, 
we may readily calculate the initial acceleration (to 
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which all subsequent values of acceleration will be 
linearly proportional) for say, vertical drag-free flight. 


ay (9) 
From [5] 
mo 1+ 
After integrating [1] 
1+K 
Thus 


We see from [10], therefore, that any value of K > 0 
will decrease the initial (and all later) values of accelera- 
tion, regardless of 8, and hence that a dense inert ad- 
ditive is not helpful in the case of missile flight. 


Influence of Variable Density on Assisted Take-Ofi 
of Aircraft 


In the case of an assisted take-off unit applied to a 
large airplane, however, the mass of the propellant 
would be only a small part of the total mass, in which 
case the disadvantage of increased propellant density 
would not necessarily outweigh the benefit of increased 
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A B=8 tne. 


| 
ps4 | 
| 
0.9 \ | 

| 

DENSITY RATIO B= p2/p, 


0.7 T T 


0.6 | | 


THRUST RATIO Fm/F, 


° ' 2 3 4 5 6 7 8 9 10 64 12 #13 14 «15 
MASS RATIO /m 


FIG. 1. EFFECT OF ADDING AN INERT FLUID TO THE PROPELLANT 

ON THE THRUST OF A LIQUID PROPELLANT ROCKET. Fy,/F; = 

RATIO, THRUST WITH MIXED PROPELLANT TO THRUST WITH PURE 

PROPELLANT. K = m:/m, = RATIO, MASS OF INERT ADDITIVE 

TO MASS OF PURE PROPELLANT. 8 = p:/p; = RATIO, DENSITY OF 
INERT ADDITIVE TO DENSITY OF PURE PROPELLANT. 
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We may consider, for example, an aircraft 
i.e., N times heavier than an 
assisted take-off rocket of volume Vo filled with pure 


thrust. 
of initial mass NV 9; 


propellant. If, in Equation [9], one allows g = 0 
(horizontal acceleration only) and adds to mp the mass 
NVopi, one may by straightforward algebra arrive at an 
expression for a,,/a;, the ratio of the initial accelera- 
tion a, of the plane with a take-off rocket utilizing an 
inert admixture of ratio K, to the initial acceleration a; 
with a rocket of equal volume utilizing pure propellant. 
Assuming that a variety of dense additive fluids are 
available, and that optimum mass ratio K = 8 — 2 
is used, whatever the value of 8, the expression for 
(m/@, May be constructed as shown in the following 
table: 

Pure 

Propellant 

(1) Mixture (m) 

Thrust 
(Eq. [5]) 


Initial mass 


V 26, To Vopr V ov 1 


ATO unit (Eq. [1]) Vopr 
2 
Initial mass 
ATO unit plus aircraft Vopi(.V + 1) of N+ 


| tion Vo V 2:7 Vo 1 

N+1 Vo Ve—-1 1 + 2N/8 

We see from this tabulation that the ratio of accelera- 

tion a,, With mixed propellant to acceleration a, with 
pure propellant is 


TABLE OF ACCELERATION IMPROVEMENT OBTAIN A- 
BLE IN ASSISTED TAKE-OFF UNITS 


TABLE | 


PT 39 5 8 17 
N 

5 0.98 1.07 1.19 1.42 

10 1.02 1.15 1.32 1.67 

20 1.04 1.19 1.40 1.86 

50 1.05 1.23 1.47 2.01 


We see from Table 1, for example, that if 8 = 8 
(K = 6), which from Fig. 1 results in 51 per cent in- 
crease in thrust, the initial acceleration of a plane for 
which N = 50 can be increased 47 per cent over the 
acceleration when pure propellant is used. 


Conclusions 


In principle, the thrust of a constant-volume rocket 
may be increased by substituting for propellant appro- 
priate amounts of a very dense inert fluid. This will 
not necessarily increase the acceleration of a vehicle 
driven by this rocket unless a sufficiently large fraction 
of the vehicle mass is fixed (not expendable). 

It should be pointed out that a number of idealistic 
assumptions have been made, such as complete expan- 
sion into vacuum (Equation [4]), constant specific 
heats, and negligible structural mass (Equation [9]). 
The calculations may be considered therefore to give 
trends rather than engineering data. 


Letters to the Editor 


Comment on “Heat Flow in Composite 
Slabs” by E. Mayer' 


JACK LORELL? 


Jet Propulsion Laboratory 


California Institute of Technology, Pasadena, Calif. 


In the course of his paper Mayer devotes some space 
to introducing the functions ¢,(x), with 
= — 
V poe fon(x) 
and proving the ¢,(2) orthogonal. 
to point out that with some saving of effort, 
orthogonality proof may be by-passed. 
Essentially the difficulty arises because the de- 
~ Received April 30, 1952. 
1 JOURNAL OF THE AMERICAN Rocket Socrety, vol. 22, May- 


June, 1952, pp. 150-158. 
2 Research Engineer, Theoretical Analysis Section. 


It may be of interest 
this 


pendent variable in Mayer’s analysis is not well 
behaved at the interface, x = 0. If h(x) represents 
either fi(2) or fo(x), according to whether < is less than 
or greater than zero, then dh/dz is not continuous at 
x = 0. As a consequence, the differential equation 
in question is not of Sturm-Liouville type, at least in 
regard to the type of solution desired. Mayer gets 
around this difficulty by deriving his result directly 
without recourse to Sturm-Liouville theory. How- 
ever, the change of variable 


kya for 
y= 
for 
makes it possible to use this theory. 
The procedure would be to use the development as 


Mayer gives it up through his Equation [11”]. Then, 
noting that the h,’s are not orthogonal, the independent 


ZxZ0 


(Continued on page 222) 


* This section of the JoURNAL is open to letters not exceeding 600 words in length (or one and one-half columns) devoted to brief re- 
search reports or technical discussions of papers previously published. Such letters are published without editorial review, usually 


within two months of date of receipt. 
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Jet Propulsion News 


C. F. WARNER, Purdue University, Associate Editor 
with the assistance of W. G. BOHL 


Rockets and Missiles 


HE complete flight of a guided missile may now be 

followed through use of a “chain” radar system 
developed by the Army Signal Corps. This system 
also makes it possible to obtain accurate ballistic data 
along the missile’s flight path. 

The radar chain, located at the White Sands Proving 
Grounds, Las Cruces, New Mexico, consists of several 
stations spread along the range. Master stations are 
located at the major missile launching areas and track- 
ing is initiated simultaneously with the launching of a 
missile. As the missile travels along its course, data 
from the master station are sent to the first relay 
station, automatically positioning the radar set at that 
station so that the set begins tracking the missile as 
soon as it comes into range. The process is repeated 
from station to station. 

Data from all stations are automatically and _in- 
stantaneously relayed back to the master station, en- 
abling observers to watch flight characteristics of the 
missile. Range control officers maintain watch on the 
instruments to assure that the missile is following its 
flight path. Photographic records are made of the 
radar dials and oscilloscopes. At the terminal end of 
the missile’s flight, radar automatically trains cameras 
with telescopic lenses on the missile as it dives into the 
target, providing a record of this vital phase of the 
missile trajectory. 

* * * 


James H. Wy 1p, a pioneer in the development of 
regeneratively cooled rocket motors, presented his 
ideas of a ‘‘Model T space ship” at a recent meeting of 
the New York Section of the ARS. Before building a 
large space ship, Wyld suggested that a smaller Model T 
version should be constructed. The ship, designed to 
circulate in an orbit about 200 miles from the earth, 
would be a three-stage affair with the first two stages 
used to gain altitude and then jettisoned. The com- 
plete ship would have an over-all weight of 12.7 tons 
and a final weight of one-half ton after dropping tanks 
and motors. Wyld’s ship would carry a pay load of 
only one-half ton including two lightweight men, 
their equipment, air supply for two days, automatic 
pilot equipment, and wing-equipped cabin. The skin 
of the space ship would have to be “of advanced design” 
to withstand the extreme temperatures encountered 
in descent and yet attain the necessary lightweight. 


* * * 


Fic. 1 shows the Oerlikon guided missile in flight. 
Unfortunately no performance data have been released 
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to date. Some of the characteristics of this weapon 
were reported on p. 39 of the January-February issue 
of this JOURNAL. 


* * * 


THe new Lockheed F-94C, the North American 
F-86D, and the Republic F-84F are to be armed with 
increasing numbers of rockets rather than with ad- 
ditional conventional .50-cal machine guns. The 
armament will include the U. 8. developed 2.75 in. 
rocket and the Swiss Oerlikon 8-cm rocket. As soon 
as possible the Oerlikon rocket will be obtained from 
the American Oerlikon Company which has broken 
ground for a new plant near Asheville, North Carolina. 


* * * 


AccorpDING to Assistant General Manager Leston P. 
Faneuf, of Bell Aircraft, Bell’s Niagara Falls plant will 
be devoted almost entirely to the production of guided 
missiles by January 1953. 

* * * 

Tue proposed U. 8. military budget for the next 
fiscal year allocates more than twice the amount spent 
last year for numerous guided missile and rocket 
projects. 

* * * 

A 16 Kva water-cooled alternator for guided missile 
aircraft has been developed by Jack and Heintz, Inc. 
Because of the excessive heating problem encountered 
in the operation of this 400-cycle, 12,000-rpm unit, 
conventional cooling by air blast was not possible at 


Fic. 1. O8ERLIKON ANTIAIRCRAFT GUIDED MISSILE IN POWERED 


FLIGHT 
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altitudes above 35,000 ft. 


The cooling problem was 
solved by injecting water through the alternator’s 
hollow shaft and spraying it through four openings 
against the internal surfaces of the alternator. The 


water evaporates and cools these surfaces. The re- 
sulting steam is exhausted through a port. Three 
and one-half pounds of water are required per hour. 

* * * 

THE increased use of liquid rockets for missile and 
aircraft propulsion has created a demand for propellant 
servicing equipment. Republic Aviation Corporation 
has constructed a special truck designed to supply 
liquid oxygen and a mixture of water and alcohol to 
rocket aircraft. The 12'/2-ton truck is equipped with 
a 900-gal, double-walled liquid oxygen tank and a 
700-gal_ water-alecohol tank. Additional apparatus 
consists of fire extinguishing equipment, a compressor, 
pumps, and propellant lines. A two-man crew can 
operate the tanker. 


Radio Transmission 


LonG-distance communication may be revolution- 
ized by the discovery of a new way of sending radio 
If this method proves successful, it may be 
possible to apply it to the guidance and control of long 
range missiles and possibly satellite vehicles. The 
transmission method, developed by scientists from 
several universities and the National Bureau of Stand- 
ards, in co-operation with the Collins Radio Company 
of Cedar Rapids, produces signals that apparently 
are not subject to fading and disappearance. Signals 
at a frequency of 49.8 megacycles have been transmitted 
from Cedar Rapids over a distance of 800 miles to 
Sterling, Virginia, irrespective of season, time of day, 
or atmospheric conditions. 

A formal paper describing this discovery is scheduled 
to appear in the Physical Review published by the 
American Physical Society. Essentially the discovery 
is based upon a new concept of the nature of the 
ionosphere comprised of layers of ionized gases ex- 
tending some 200 miles above the earth. Technically 
the layers are known as the E layer, the F), and F, 
layers. 

A radio signal transmitted upward is presumed to 
hit one of these layers and may be absorbed, bent back, 
or just go into outer space. The frequency or length 
of the wave influences its ultimate destination. Long- 
distance transmission waves having frequencies be- 
tween 5 and 20 megacycles are bent around the curva- 
ture of the earth by the ionosphere. Ionospheric 
disturbances may disrupt transmission at these fre- 
quencies for days. 

Waves used for present-day television transmission 
are of higher frequency; therefore, they penetrate 
the ionosphere and are lost in outer space. It has 
been‘ assumed that without the ionospheric reflection 
ultrahigh-frequency signals were limited to the optical 
lines of sight or the horizon. For many years it was 
known that amateur radio operators have on occasion 


signals. 
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maintained two-way communication over substantial 
distances, and television set owners have been sur- 
prised occasionally in getting an image from a station 
many miles away. These cases have been unpre- 
dictable and have been attributed to patches of rela- 
tively dense ionization of the lower atmosphere. 

The scientists responsible for the new propagation 
method said that under the old theory it was assumed 
that most of incident intensity went through the 
ionosphere. Under the new theory so much energy is 
transmitted that enough of it returns to the ground 
to be received in strength at certain points. Using a 
diamond-shaped rhombic antenna, each leg of which 
was 500 ft long, the Collins Radio plant has been able 
to send a signal at a frequency of 49.8 megacycles with 
a power of 23 kilowatts for a distance of 1200 miles. 


Foreign Developments 


SoME measure of the progress achieved by Russia in 
the field of jet propulsion was revealed in a recent article 
by Jan C. Morton, published in AVRO Canada News. 
The first Russian jet plane, the MiG-7 (a MiG-3 air 
frame powered by a modified German Jumo 004 turbo- 
jet) flew in the spring of 1945. Data obtained from 
this experimental plane were used in the design of the 
MiG-9 twin-engine jet fighter. During 1947, 30 
Rolls-Royce Derwent 5’s and 25 Nene I’s were received 
from England. Under the direction of designer N. B. 
Chelong, the thrust of the Nene was increased from 
4500-Ib to 5500-lb by 1951. The new version of the 
Nene, the M-45, is currently being modified to produce 
between 6000- and 6500-lb static thrust. 

Captured German axial flow units, the BMW-003A-2 
and the Jumo 004B-4, were the basis for developments 
leading to the Russian M-003E and M-004H. The 
outputs of these engines were increased from 1760 lb- 
and 1980-lb thrust to 3750-lb and 4000-lb, respectively. 
Present production models known as M-012 and M-O18 
produce 6600-lb and 8000-Ilb static thrust. 

The Russian designers have improved the per- 
formance of the German Walter HWK509C liquid 
fuel rocket which developed 4400-lb thrust in 1945 
until in 1951 their version of this power plant developed 
6600-lb thrust. This unit has undergone extensive 
flight tests in the Yak-21 experimental interceptor- 
fighter. The German BMW-718 (2500 lb thrust) 
liquid rocket assister has been improved and should 
compare favorably with the English Armstrong- 
Siddeley Snarler. 

In addition to developing the well known MiG-15, 
the Russians have perfected the Yak-21, a version of 
the German Me-163, so that it can now attain a speed 
of over 900 mph. In 1951 the MiG-19 was introduced, 
a plane which closely resembles the German Ta-183. 
Several multijet-engined bombers are understood to be 
in production. 

* * * 


Reports have been received that the Russians are 
developing a giant long-range bomber similar in size 
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to our B-36. The bomber has very thin wings swept 
back at 35 degrees and a circular fuselage. Russian de- 
veloped M-028 turboprop engines, developing 6900 
hp and consisting of a 12-stage compressor and a 4- 


stage turbine, will power the plane. Auxiliary thrust 
is provided by Russian developed BMW-109-718 
rocket engines having 6600-lb thrust. The bomber is 
reported to have a gross weight of 360,000 lb, a range of 
over 10,500 miles, and a speed of about 500 mph. 


* * * 


AN announcement made by Prof. Kurt Tank, 
formerly of Focke-Wulf and now chief aeronautical 
consultant to General Peron, indicates that a four-jet 
delta-wing bomber is under construction in Argentina. 
It is assumed that this plane is a development of the 
Horten Ho XVIII B-2 since its designer, Dr. Reeniar 
Horten, was invited by the Air Ministry to complete 
his work in Argentina. The original design requested 
by the German Air Ministry was for a plane powered 
by 6 Jumo 004H turbojets, having a length of 62 ft, 
a span of 138 ft, with a speed of 560 mph and a service 
ceiling of 52,500 ft. Prof. Kurt Tank was recently re- 
ported to be traveling to Russia with his design for a 
multijet bomber. 

* * * 


THE Leduc 021, fourth in a series of experimental 
ramjet powered aircraft, is nearing completion in 
France and is likely to fly this year. A Turbomeca 
Marbare turbojet mounted at each wing tip will make 
it possible for the 021 to take off unassisted from the 
ground. Performance figures indicate that with both 
turbojets and the ramjet power plants in operation 
the 021 should climb to an altitude of 32,800 ft in under 
two minutes and will have a duration of 15 minutes at 
50,000 ft. 


* * * 


The French have equipped a DC-3 with an auxiliary 
Turbomeca turbojet and have recently completed a 
series of official tests under the direction of the French 
Air Ministry. 

* * * 

A delta wing fighter, the MD 550, is being designed 
by the Dassault firm of France for speeds up to Mach 
1.5. 

* * * 


The Gemeaux IV, powered by a Turbomeca Aspin I 
ducted fan (440-lb thrust), has been flight tested in 
France. The light Gemeaux IV weighs 2640 lb with a 
useful load of 880 Ib and has a span of 35.3 ft with an 
over-all length of 21.7 ft. It is expected that flight tests 
of the Gemeaux IV will demonstrate the successful 
application of jet propulsion to lightweight aircraft. 

* * * 


A. V. Ror Lrp. has a delta wing bomber under 
development. It is to be powered by four Bristol 
Olympus jet engines (approximately 13,000-lb static 
thrust each). 
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AccoRDING to military experts, West Germany will 
soon re-enter the field of guided missiles. By the 
terms of the treaties signed on May 26 and 27, 1952, 
by the Foreign Ministers of West Germany, the NATO 
countries, and the United States, restrictions on German 
industry are to be largely eliminated, although special 
limitations on armament production are to remain in 
force. The manufacture of military aircraft: is ex- 
pressly forbidden. Jet aircraft for the 85,000-man 
German Air Force specified by the mutual defense 
treaty will probably be supplied by the United States. 
Published annexes of the treaty permit development 
and production of ‘short-range’ guided missiles, but 
“long-range” missiles are forbidden. Drawing the 
line between the two categories is one of the problems 
to be resolved by NATO technical men. Ratification by 
the U. S. Senate and the other governments is expected 
soon. 


Fic. 2. Bortinc YB-52 SrrarorortTREss TAKES OFF ON MAIDEN 
Aprit 15, 1952 


Aireraft 


THe U. S. Air Force has announced the general 
exterior details of its new long-range heavy jet bombers, 
the Boeing YB-52 and the Convair YB-60. The B-52 
has a wing span of 185 ft, a length of 153 ft and a tail 
height of 58 ft. First flown on April 15, the B-52 has 
completed its first phase of testing and has been 
ordered into production. The larger YB-60 is 171 ft 
long and has a span of 206 ft. Both new bombers are 
powered by eight new Pratt and Whitney J-57 turbo- 
jets. (See Figs. 2, 3, and 4.) 

* * * 


On May 3 the British jet passenger liner Comet 
landed at Johannesburg after completing its flight 
from London. The British Overseas Airways Cor- 


poration said that the flying time was 17 hours and 16 
The ship carried 36 passengers, 6 crewmen, 


minutes. 


Fic. Convatr YB-60 E1cut-Jet BoMBER 
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and mail on this first scheduled jet air-transport 


ill 
civilian flight. The uniform passenger reaction was 
he 
o that they thoroughly enjoyed the fatigue-free flight 
because it was vibration-free. British officials said 
O 
* that they were at least four years ahead of the U. S. 
™ and other nations in the use of commercial jet air- 
* craft. This summer thousands of Americans will have 
ea a chance to try out the new jet liner on the trans- 
atlantie run. 
ALL 
se 
Ds, THE year 1952 promises to be a critical one for the 
nt U. S. air transport industry. Since the war, U. 8. 
ut manufacturers have dominated the world civilian 
he plane and engine field. This domination is now seri- 
ns ously threatened by the British. The production pro- 
by gram for the Comet was recently doubled and orders 
ed have been placed by several European air lines. 
DeHavilland officials (makers of the Comet) predict 
that the sale of Comets and engines may amount to 
over “a thousand million pounds of export business 
over the next decade.”” As yet the U. S. does not have Fic. 5 Norrurop Scorpion F-89 ALtt-WEATHER INTERCEPTOR 
even the specifications fora turbojet airliner. (Streaks of destructive fire lash out toward the target as a U. S. 
Air Force Northrop Scorpion F-89 all-weather interceptor turns loose 
) Turbojet Engines the full power of six 20-mm cannon in this unique photograph, taken 
in the night sky over the Edwards Air Force Base firing range. Be- 
lieved the first such night photograph ever taken, the picture shows 
THE Navy Bureau of Aeronautics has rec ently _— the F-89 apparently suspended in the lacework of tracer fire from its 
pleted initial tests on a new powerful turbojet engine, own cannon. During the split-second exposure, the tracer streaks 
registered on the film before the F-89 was ‘‘frozen’’ by a powerful 
an advanced \ oe of the J-48 Tur bo-Wasp built stroboscopic light flash, which lasted less than a '/s099 see. America’s 
by Pratt and Whitney Aircraft. The new J-48 has most heavily armed fighters, the Scorpions are in service with the Air 
Defense Command, guarding U. S. borders against possible air at- 
passed Its preflight tests and should be in pl oduction tack. Advanced electronic equipment enables the F-89 to ferret out 
EN this fall. enemy airplanes as targets for its devastating cannon, even in bad 
’ weather or at night.) 
Pratr and Whitney Aircraft is negotiating a license New Materials 
to permit the Ford Motor Company to build the axial ; ; 
val | flow J-57 Turbo-Wasp jet engine for military service. CLIMAXING two years of co-ordinated production 


* * * 


Tue Boeing lightweight gas turbine engine now is 
being manufactured on a production basis for the 


and testing of ceramic-coated parts for high tempera- 
ture applications, Ryan Aeronautical Company and 
California Metal Enameling Company have announced 
they have combined their facilities. The two firms 


as | U.S. Navy. disclosed that an improved ceramic, A-418-Ryanco-C 
yor as has been developed as a result of laboratory and service 
It A NEW slide rule with silhouettes and published tests. These tests show that some applications give 
re | information on the latest military aircraft has been better results with fairly thick coatings, while others are 
0 | devised by the General Electric Company Aircraft better when applied extremely thin. Not only do 

Gas Turbine Division. Information on air frames, ceramic coatings extend the service life of jet engine 

operational data, and power plants of 42 aircraft are alloy engine alloy parts but they also make it possible 
et | given. to use lower grade alloys. Many parts now made 
ht of Inconel may be fabricated from type 321 stainless 
r- protected with ceramic coatings. Their latest prod- 
16 uct is designed to perform under a continuous tem- 
1, perature of 1800 F. 


* * * 


A process for inseparably bonding aluminum to 


ferrous metals, making possible the production of 
units which combine the hardness and fatigue resistance 
of steel with aluminum’s light weight and superior 
heat conductivity, has been perfected by Fairchild’s 
Al-Fin Division. Although initially developed for heat 
transfer applications, this process is now used to pro- 
duce bimetallic wings and fins for guided missiles. 


Fig. 4. First Fuicut or Convark YB-60, Aprit 18, 1952 
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An “upsetting”? machine made by the Utica Drop 
Forge and Tool Corporation is said to be able to pro- 
duce gas turbine blades in one half the time formerly 
required. Since the costs of both the machine and its 
operation are low, the expense of producing turbojet 
blades may be reduced by over 50 per cent. 


A QUARTZ paper developed by the Naval Research 
Laboratory can be manufactured cheaply and may be 
substituted for higher-cost asbestos insulating material. 
The new paper can withstand temperatures up to 3000 F 
making it much superior in this respect to asbestos. 
This paper may be used as an electric insulator. 


Princeton Research Center Honors 
Late James V. Forrestal 


The new James Forrestal Research Center of Prince- 
ton University, Princeton, N. J., was dedicated in 
colorful ceremonies on May 17, 1952. The principal 
speaker was Secretary of Defense Robert A. Lovett, 
and other addresses were given by Harold W. Dodds, 
president of Princeton University; Alfred E. Driscoll, 
governor of New Jersey; and Lewis L. Strauss, head 
of the Institute for Advanced Study at Princeton. 
Congratulatory telegrams were received from President 
Truman and former President Hoover. 

President Truman’s message said in part that “the 
United States Government will join with Princeton 
University in giving all possible assistance to the re- 
searchers at the Center who will be working to broaden 
our aeronautical knowledge. Their work will lead to 
valuable results by helping to strengthen United States 
defenses. It will also lead to developments which can 
benefit commercial aviation.’”’ President Dodds in 
his remarks noted that “although the Forrestal Re- 
search Center came into being at a time of national 
emergency and in some respects was the creature of 
that emergency, its long-range concern is the peacetime 
welfare of a peacetime people.”’ 

In a tour of the 850-acre establishment, 400 invited 
visitors inspected offices, classrooms, combustion lab- 
oratories, rocket motor test cells, wind tunnels, a 
helicopter laboratory, automatic computing equipment, 
chemistry laboratories, and other facilities. Graduate 
students and faculty members explained their research 
programs to the visitors. Research projects at the 
Center are directed by faculty members of the Univer- 
sity, including: Prof. H. 8. Taylor, chemistry; Prof. 
L. Lees, supersonics; Prof. L. Spitzer, physics; Prof. 
M. Summerfield, jet propulsion; Prof. A. A. Nikolsky, 
helicopters; Prof. R. N. Pease, chemical kinetics; 
Prof. L. Crocco, jet propulsion; Prof. R. H. Wilhelm, 
combustion; Prof. G. Akerlof, fuels chemistry; Prof. 
J. V. Charyk, rockets; and Prof. J. A. Wheeler, physics. 
Other members of the faculty are involved in other 
projects ranging from mathematics to biochemistry. 

Daniel C. Sayre, director of the Center, announced 
the formation of a group of Corporation Associates, 
consisting of commercial organizations that have 
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contributed financially to the endowment of the Center 
and are thus privileged to participate in the work of the 
Center. Among the Associates are: General Motors 
Corporation, The Firestone Tire and Rubber Company, 
International Business Machines Corporation, Union 
Oil Company, Consolidated Vultee Aircraft Corpora- 
tion, and 15 other companies. 

In addition to providing facilities for many research 
projects in jet propulsion and its related sciences, the 
the Forrestal laboratories also serve to house the post- 
graduate training program in jet propulsion sponsored 
by the Daniel and Florence Guggenheim Foundation 
and the adminstrative offices of Project SQUID, a 
Navy and Air Force jointly sponsored research program 
in combustion and jet propulsion. 


New Facilities 


GrounpD has been broken for a new $6,000,000 
steam- and gas-turbine development laboratory a 
the South Philadelphia works of the Westinghouse 
Electric Corporation. A staff of nearly 100 engineers 
will be employed. In co-operation with the U. 8. 
Air Force, the laboratory will test a scale model of 
the giant air compressor which Westinghouse is building 
for a huge new wind tunnel being constructed for the 
Air Force’s Arnold Engineering Development Center. 
This compressor will be the world’s largest rotating 
machine and will supply air at supersonic speeds in 
the tunnel. 

* * * 


PHOENIX will become one of the West’s major engine 
production centers when AiResearch Manufacturing 
Company of Arizona begins turning out gas-turbine 
power units. These units, used as turbojet starter 
and auxiliary aircraft power units, will be the major 
production item at the new $5,000,000 facility. Three 
gas-turbine test cells are among the laboratory facilities 
which will be utilized by AiResearch when production 
gets under way. 


Personalities 


W. W. BenpeEr has been appointed chief electronics 
engineer at Glenn L. Martin Company. In 1945 he 
was appointed technical director, pilotless aircraft 
section, and in 1948 was placed in charge of electro- 
mechanical design for missiles. His responsibilities 
were expanded in 1950 to embrace development 
of electromechanical systems for all Martin aircraft. 
and missiles. 

* * * 


THE man who; while chief aerodynamicist at the 
Focke-Wulf aircraft factory in Germany, designed 
an airplane which many experts regard as the forerunner 
of the Russian MiG-15, is now heading a group of 
aeronautical engineers at the Glenn L. Martin Com- 
pany. He is Hans Mutruopp, who left Germany 
voluntarily in the spring of 1946 and went to England, 
where he joined the staff of the Royal Aircraft Es- 
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tablishment at Farnborough. He worked on experi- 
mental subsonic and supersonic projects there. Among 
his belongings brought over from Germany, Multhopp 
has a scale model of the jet fighter he designed for the 
Luftwaffe. It bears a striking resemblance to the MiG- 
15. Both Mr. and Mrs. Multhopp have filed first 
papers for American citizenship. 


Daniel and Florence Guggenheim Jet 
Propulsion Fellowships Awarded to 
Sixteen Students 


JOINT announcement has been made by Harry F. 
Guggenheim, president of the Daniel and Florence 
Guggenheim Foundation, Harold W. Dodds, president, 
Princeton University, and Lee A. DuBridge, presi- 
dent, California Institute of Technology, of the appoint- 
ment of sixteen Daniel and Florence Guggenheim 
Jet Propulsion Fellows. The purpose of the Fellow- 
ships is to train young men for basic research and for 
leadership in the development of commercial and 
scientific applications of jet and rocket propulsion. 
The Fellows, selected for their technical ability, 


interest in rockets and jet propulsion, and demon- 
strated leadership qualities, will carry programs of 
advanced study and pioneering research at the Guggen- 
heim Jet Propulsion Centers at Princeton University 
and California Institute of Technology. 


cut School of Engineering; Walter R. Warren, Jr., 
of Rockaway Beach, N. Y., M.S. in aeronautical 
engineering, Princeton, June 1952, student member 
ARS. 

The Fellowships for study at the California Insti- 
tute of Technology are awarded to: Odus R. Burggraf, 
Jr., of Caledonia, Ohio, B.S. and M.S. in aeronautical 
engineering, Ohio State University, June 1952; Donald 
A. Dooley, of Long Beach, Calif., M.S. in aeronautics 
(jet propulsion option), Caltech, 1950; Martin Gold- 
smith, of Pasadena, Calif., M.S. in mechanical engineer- 
ing, Caltech, June 1952, student member ARS; Denver 
C. Gore, Jr., of Portland, Ore., B.S. in aeronautical 
engineering, University of Washington; Frederick 
Harshbarger, of North Liberty, Iowa, majored in 
physics at Oberlin College, student member ARS; 
Charles A. Lindley, of Euclid, Ohio, B.S. and M.S. in 
aeronautical engineering, Ohio State University, 1949; 
Alphonse P. Peters, of Norwich, Conn., B.A. in chemis- 
try, University of Connecticut, June 1952; Dean A. 
Rains, of Pasadena, Calif., M.S. in mechanical engineer- 
ing, Caltech, 1951. 

Renewals of Guggenheim Fellowships were granted 
to George E. Hlavka, of Racine, Wis., M.S. in mechani- 
eal engineering, Caltech, 1948, for further study at 
Caltech; and to Arnold Goldberg of Wahwah, N. J., 
and Marcel Vinokur, Long Island City, N. Y., for 
study at Princeton. 


ARS STUDENT MEMBERS WHO RECEIVED 1952 DANIEL AND FLORENCE GUGGENHEIM FELLOWSHIPS FOR ADVANCED STUDY IN JET AND 
ROCKET PROPULSION 


(Left to right: Frederick Harshbarger, of North Liberty, Iowa, who will continue his studies at the Guggenheim Center, California Institute of 
Technology; George B. Milliard, of Kenmore, N. Y., and Walter R. Warren, Jr., of Long Island, N. Y., both chosen to study at the Guggenheim 
Center, Princeton; and Martin Goldsmith, of Pasadena, Calif., who will study at the Guggenheim Center, California Institute of Technology.) 


Recipients of the grants for study at Princeton 
University are: Arnold Brooks, of Lynn, Mass., 
M.S. in aeronautical engineering, Columbia Univer- 
sity, 1947; Ansel V. Gould, of Maplewood, N. J., B.S. 
in aeronautical engineering, Princeton, June 1952; 
Henry E. Hoercher, of Brooklyn, N. Y., B.S. in mechani- 
cal engineering, Polytechnic Institute of Brooklyn; 
Richard R. John, of New Rochelle, N. Y., M.S. 
in mechanical engineering, Princeton, June 1952; 
George B. Milliard, of Kenmore, N. Y., B.S. in mechani- 
cal engineering, Tufts College, June 1952, student 
member ARS; Edward T. Pitkin, of Putnam, Conn., 
B.S. in mechanical engineering, University of Connecti- 
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John Simon Guggenheim Memorial 
Foundation Fellowship Given for Rocket 
Navigation Study 


PROF. Samuel Herrick, chairman of the Depart- 
ment of Astronomy, University of California, Los 
Angeles, Calif., has been awarded a John Simon Guggen- 
heim Memorial Foundation Fellowship for his studies 
of extraterrestrial navigation: its present and prospec- 
tive methods and instruments, and the effect of the 
introduction of rocket propulsion. The Fellowships 
are offered annually by the John Simon Guggenheim 
Memorial Foundation, 551 Fifth Avenue, New York, 
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N. Y., to further the development of scholars and 
artists by assisting them in research in any field of 
knowledge or in artistic creation in any of the fine arts. 

Among Dr. Herrick’s publications are the following 
articles: “Tables for Rocket and Comet Orbits,” 
in Astronomical Journal, vol. 54, September 1949; 
“Space Rocket Trajectories,” in Journal of the British 
Interplanetary Society, vol. 9, September 1950; “Rocket 
Navigation,” in Navigation, vol. 2, December 1950; 
and “Interplanetary Navigation,” idem., vol. 3, 
September-December 1951. 


Comment on “Heat Flow in Composite Slabs” 
(Continued from page 215) 
variable, y, would be introduced, thus making the 
equations of Sturm-Liouville type* in h, and with 
weighting function w(y) given by 


0 

ky ke? 
w(y) = 

P22 

0z Z kid, 


According to Sturm-Liouville theory, the h,’s are ortho- 
gonal with respect to the weighting function, i.e., 


w(y) hily) hify)dy = 0 fort 


Next, returning to the variable x, it is immediately 
inferred that Mayer’s Equation [21] holds, i.e., that 
his functions ¢, are orthogonal. 

It should be mentioned in regard to the use of the 
Sturm-Liouville theory here, that the boundary condi- 
tions of Mayer’s problem do not imply Equation 8-28 
on page 255 of Margenau and Murphy,’ which is used 
to prove the Hermitian nature of the differential 
operator. However, this property does follow from 
the given boundary conditions, as can easily be checked. 

Finally, it may be noted that some of the standard 
references, in dealing with Sturm-Liouville systems, 
consider only those for which the weighting function, 
w(y), iscontinuous. At least as far as the orthogonality 
condition is concerned, this restriction is unnecessary. 

3 “The Mathematics of Physics and Chemistry,” by H. Mar- 


genau and D. M. Murphy, D. Van Nostrand Co., New York, 
1943, page 253. 


OPPORTUNITY 


for 


One Mechanical Engineer 
to take charge of static testing 
of solid propellant rockets 
One Chemical Engineer 
as a process engineer 


Interest and initiative of prime importance. 


Box 719 Journal of the American Rocket Society 
29 West 39th St. New York 18, N.Y. 


JOURNAL BINDERS AVAILABLE 


Handsome binder holds six issues (one year) 


Approximately 82” x 114%” 
Blue leatherette with stamped letters 
Simple metal rack, easy to assemble 
Keeps Journal securely in 
place 
Stands erect on bookshelf 
Convenient to carry 


Individual copies cannot be 
misplaced 


Back issues protected 
against damage 


Price $2.00 


Please order from 


Secretary 
American Rocket Society 
29 West 39th Street 
New York 18, N. Y. 


Notice To Members 


The effectiveness of the Society and the useful- 
ness of this Journal are directly related to the 


number of qualified dues-paying members. 


As the membership enlarges, you will derive 
greater professional benefit from your participa- 
tion in the ARS. Have you pointed out to your 


colleagues the advantages of joining the Society? 


Application blanks are obtainable from: 


Secretary 

American Rocket Society 
29 West 39th Street 

New York 18, N.Y 
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American Rocket Society News 


H. K. WILGUS, Associate Editor 


ARS Plans Active Program for Fall 
Meeting 


On September 9-10, 1952, the American 
Rocket Society will hold its 1952 Fall 
Meeting at the Hotel Sheraton, Chicago, 
Ill., in conjunction with the Fall Meeting 
of The American Society of Mechanical 
Engineers, during the Centennial of En- 
gineering. 

The program will consist of three techni- 
eal sessions at which papers will be pre- 
serited on the latest developments in the 
jet propulsion and rocket technology fields, 
including the subject which has recently 
been receiving wide attention—interplane- 
tary travel. 

The program follows: 


Session | 
9:30 a. m., Tuesday, September 9: 


Chairman: B. L. Dorman, Aerojet Engi- 
neering Corporation, Azusa, Calif. 

Vice-Chairman: J. P. Layton, Forrestal 
Research Center, Princeton University, 
Princeton, N. J. 

Upper Atmosphere Research, by Homer 
Newell, Naval Research Laboratory, 
Washington, D. C. 

The High Altitude Sounding Rocket, by 
Milton Rosen and R. B. Snodgrass, 
both of the Naval Research Laboratory, 
Washington, D.C. 

Exposure Hazards from Cosmic Radiation 
at Extreme Altitudes and in Free Space, 
by H. J. Schaeffer, U. 8. Naval School 
of Aviation Medicine, U. 8. Naval Air 
Station, Pensacola, Fla. 


Session II 


2:30 p.m., Tuesday, September 9: 
Chairman: W. Proell, Standard Oil Com- 


Indiana Section Elects 
1952-1953 Officers 


On April 25, 1952, the members of the 
ARS Indiana Section held an election 
meeting in the Purdue Union Building, 
Purdue University, Lafayette, Ind. 

The meeting was called to order by 
David McNay, president of the Section, 
and after a reading and approval of the 
minutes of the previous meeting, the fol- 
lowing officers were elected for the year 
1952-1953: 

President, Delbert E. Robison; Vice- 
President, J. M. Botje; Secretary, Arthur 
B. Wiggins; Treasurer, Richard E. Wat- 
ters; Board of Directors, Cecil F. Warner, 
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pany of Indiana, Whiting Research 
Laboratories, Whiting, Ind. 

Vice-Chairman: N. J. Bowman, Standard 
Oil Company of Indiana, Whiting Re- 
search Laboratories, Whiting, Ind. 

The Satellite Vehicle, by Wernher von 
Braun, Guided Missile Development 
Group, Redstone Arsenal, Huntsville, 
Ala. 

Manned Flight at the Borders of Space, by 
Heinz Haber, Department of Engi- 
neering, University of California, Los 
Angeles, Calif. 

Session III 
9:30 a. m., Wednesday, September 10 


Chairman: W. T. Olson, Lewis Flight 
Propulsion Laboratory, NACA, Cleve- 
land, Ohio. 

Vice-Chairman: John L. Sloop, Lewis 
Flight Propulsion Laboratory, NACA, 
Cleveland, Ohio. 

Problems of Development of Ramjets for 
Supersonic Application, by J. O. Char- 
shafian, Wright Aeronautical 
vision, Curtiss-Wright Corporation, 
Wood-Ridge, N. J. 

The Pulsejet as a Present-Day Power 
Plant, by Brooks T. Morris, Marquardt 
Aircraft Company, Van Nuys, Calif. 

On Stability and Control of Liquid Pro- 
pellant Rocket Systems, by Y. C. Lee, 
Aerojet Engineering Corporation, Azusa, 
Calif. 

Experimental Investigation of Perform- 
ance of WFNA-JP-3 Rocket Motors at 
Different Combustion Pressures, by 
M. J. Zucrow and C. M. Beighley, both 
of the School of Mechanical Engineering, 
Purdue University, Lafayette, Ind. 


W. L. Gilliland, Russell O. de Castongrene, 
David W. Schulz, Cecil L. Moore; Fx 
officio member, Dr. M. J. Zucrow. 


Guided Missiles Subject of Gibson 
Lecture at Spring Banquet 


The Indiana Section of the ARS and the 
Purdue University Chapter of the IAS 
met jointly for their spring banquet on 
May 22, 1952, in the West Faculty Lounge, 
Purdue Memorial Union Building, West 
Lafayette, Ind. 

This dinner meeting highlighted the 
programs of the year for both organiza- 
tions, and a large audience attended to 
hear Ralph E. Gibson, director, Applied 
Physics Laboratory, The Johns Hopkins 


University, Silver Spring, Md., speak on 
“The Philosophy of Guided Missiles.”’ 

Dr. Gibson came to Johns Hopkins in 
1946 after having served as the first Direc- 
tor of Research at the Allegany Ballistics 
Laboratory, Cumberland, Md. The Ap- 
plied Physics Laboratory at Johns Hopkins 
was instrumental in developing the prox- 
imity fuse, and since 1945 has been work- 
ing on the Navy’s Bumblebee Guided 
Missile Program. 


Tschinkel Speaks on 
Liquid Propellants at 
Alabama Section Meeting 


The Alabama Section of the ARS held 
its monthly meeting on April 22, 1952, in 
Huntsville, Ala., at which approximately 
125 members and guests were present. 
Hans Hueter, vice-president, presided in 
the absence of the president, Martin B. 
Schilling. 

The main business transacted was the 
appointment of committees to serve until 
the annual election in November. Com- 
mittees were appointed as follows: .Wem- 
bership: Anthony Guzzo, chairman; 
Lawrence Nicastro, Karl Hager, Joseph 
Pelham, Hans Maus, and George Pedigo; 
Program: Joseph Wiggins, chairman; 
Eberhard Rees, Ludwig Roth, Lawrence 
Nicastro, Thomas Moore, Josef Michel, 
and George Henderson; Publicity chair- 
man: Karl E. Katz; Historian: Miss 
Sarah Dishman. 

Following the close of the business por- 
tion of the meeting, an illustrated lecture 
was given by J. G. Tschinkel, chief, Com- 
bustion and Fuels Section, Guided Missile 
Development Group, Ordnance Corps’ 
Guided Missile Center, Redstone Arsenal, 
Huntsville, Ala. 

Dr. Tschinkel discussed the properties 
which liquid propellants should have for 
optimum performance and the selection of 
oxidizers for application with liquid fuels. 
The talk was accompanied by slides show- 
ing comparative properties of suitable 
fuels and oxidizers. The speaker included 
in his talk various anecdotes of events 
which occurred during his service at the 
German rocket center at Peenemiinde. 

Concluding the lecture, Dr. Tschinkel 
showed several types of fuels for inspection 
by the group, and also performed several 
experiments which demonstrated the spon- 
taneous reactions between certain fuels 
and oxidizers. 

The next meeting of the Alabama Sec- 
tion has been scheduled for July 1, 1952, in 
Huntsville, Ala. The speaker for the 
evening will be W. H. Steurer, chief, Ma- 
terial Test Laboratory Section, Guided 
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Missile Development Group, Redstone 
Arsenal. Dr. Steurer will discuss metal- 
lurgy and alloys, especially those in high 
temperature ranges, as applicable to 
rockets and guided missiles. 


Southern California 
Section Hears Talk on 
Ramjets 


Another successful dinner meeting was 
held by the ARS Southern California Sec- 
tion on May 22, 1952, at the Pasadena 
Athletic Club, Pasadena, Calif. 

Approximately 200 members and guests 
were present to hear Joseph Friedman, 
technical assistant to chief designer, Mar- 
quardt Aircraft Company, Van Nuys, 
Calif., deliver a talk on “Consideration of 
the Ramjet as an Aircraft Power Plant.” 

The subject aroused considerable in- 
terest, and, according to E. G. Crofut, 
member of the Section’s Board of Direc- 
tors, numerous requests have been received 
for further discussions in the air-breathing 
power plant field. 


Exploration of Space 
Discussed by A. C. Clarke, 
BIS Chairman 


The ARS New York Section, at its 
monthly meeting on May 22, 1952, was 
fortunate in having as its guest speaker, 
Arthur C. Clarke, chairman of the British 
Interplanetary Society, Fellow of the 
Royal Astronomical Society, and member 


of the Council, British Astronomical As- 
sociation. 

Mr. Clarke began his talk by recounting 
the early days of the BIS, which was 
founded in 1923. Despite much early 
ridicule, and later wartime suspension, the 
Society has grown to some 1800 members 
and enjoys widespread prestige as the 
largest organization in the English-speak- 
ing world dedicated primarily to the con- 
quest of space. 

The major part of Mr. Clarke’s lecture 
was devoted to such topics as two- and 
three-stage rocket missiles, orbital satellite 
vehicles, ‘terrestrial,’ “lunar’’ (see Fig. 
1), and “deep space’”’ type rockets, lunar 
voyages, space suits, Moon and Mars 
bases, etc. His discussion was an illus- 
trated résumé of the high points from his 
book, “The Exploration of Space,’ re- 
cently published by Harper & Bros. (see 
page 227 in this issue of the JourNat for a 
review of the book). 

Both in his book and in his talk, Mr. 
Clarke emphasized the importance of 
satellite vehicles, particularly space sta- 
tions. The assembly of such a station is 
seen in Fig. 1. One of the major uses of 
the orbital satellite station would center 
around its refueling capabilities. A rocket, 
taking off from the earth, would reach the 
station with its propellants all but ex- 
pended. There, on the space station, it 
could refuel, or its crew could transfer to 
another type rocket especially designed for 
interorbital airless travel, and hence pos- 
sessing no particular aerodynamic shape. 
In addition to its refueling capabilities, 
the satellite vehicle might well base radio 


FIG. 1 ASSEMBLING THE SPACE STATION 


(An illustration from ‘‘The Exploration of Space” by A. C. Clarke, chairman of the British 
Interplanetary Society. Mr. Clarke’s speech before the ARS New York Section on May 22 
was.a résumé of the high points in his book.) 
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astronomical 
observatories, physics, chemistry, and 
biology laboratories, and meteorological 
observation stations. 


and television stations, 


Washington-Baltimore 
Section Holds First 
Dinner Meeting 


On May 27, 1952, the ARS Wash- 
ington-Baltimore Section of the Ameti- 
can Rocket Society held its first dinner 
meeting at the National Press Club in 
Washington, D.C. Approximately fifty 
members and guests were in attendance 
for the presentation of four short tech- 
nical papers. 

The meeting was opened by Harry |. 
Archer, president of the section. The 
four speakers were introduced by Williain 
L. Rogers of the Aerojet Engineering 
Corporation who was in charge of the 
arrangements for the meeting. 

The first speaker was C. J. Libby 
of the Glenn L. Martin Company, who 
presented an interesting talk on the sul- 
ject of “Zero Length Launchers for 
Guided Missiles.’ Mr. Libby’s talk was 
accompanied by color movies showing 
tests of the Matador missile. 

The second paper was presented by 
Mrs. I. D. Faro, who reported on work 
done by her and by F. K. Hill on “Hyper- 
sonic Wind Tunnel Research at the 
Applied Physics Laboratory of The Johns 
Hopkins University.” 

Complementing this paper and _illus- 
trating similarities and differences in 
facilities and techniques was a lecture by 
P. P. Wegener on “Hypersonic Wind 
Tunnel Research at the Naval Ordnance 
Laboratory at White Oak, Maryland.” 

The last paper on the program was in 
the nature of a challenge to the members 
of the rocket engineering profession. 
H. E. Newell, Jr., of the Naval Research 
Laboratory, presented a talk entitled 
“We Need Higher Altitude Rockets.” 
Dr. Newell reviewed the development of 
rockets which had permitted the investi- 
gation of the upper atmosphere, and pre- 
sented some of the data which had been ob- 
tained as a result of rocket firings. He 
showed that extension of our present 
knowledge concerning the upper atmos- 
phere will be limited only by the heights 
to which rockets can be sent. Dr. 
Newell appealed to the rocket engineers 
to furnish the upper atmosphere scien- 
tists with the rockets needed for this task. 


ARS Charter Presented to 
Northeastern New York 
Section 
C. W. Chillson, President ARS, 
Guest Speaker 


The ARS Northeastern New York 
Section held its dinner and installation 
meeting at the Hotel Van Curler, Schenec- 
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ARS CHAPTER PRESENTED AT NORTHEASTERN NEW YORK SECTION INSTALLATION MEETING 
13, 1952 


F. M. Cooper (left), president, ARS Northeastern New York Section, receives the ARS Charter 


from Dr. R. W. Porter, member of the ARS National Board of Directors. 


C. W. Chillson 


(center), president ARS, was the guest speaker at the installation meeting. 


tady, N. Y., on May 13, 1952. Over 
80 members and guests attended to witness 
the presentation of the ARS charter and 
to hear the guest speaker, C. W. Chillson, 
president ARS, who spoke on “The Future 
and Potentialities of Rocket Propulsion.” 

In a ceremony preceding Mr. Chillson’s 
address, Dr. R. W. Porter, member of 
the ARS National Board of Directors, 
presented the ARS Section Charter to 
F. M. Cooper, president of the Section. 

In his talk, Mr. Chillson stated that 
the future and potentialities of rocket 
propulsion are not necessarily synonymous. 
Its potentialities are as limitless and 
boundless as space itself, he said, but its 
future is bounded by the use to which it 
is put. The present rocket field is a 
relatively small one with large respon- 
sibilities. The responsibility of members 
of the rocket profession is involved today 
almost’ exclusively with the military 
defense of democracies. 

Eventually we may expect to witness 
the application of rocket propulsion as a 
means of space travel, Mr. Chillson 


remarked. This will probably require 


multistage units and will undoubtedly 
involve tremendous expenditures of time 
and money. Uncertainty in the perform- 
ance of any of the vital functions, he 
pointed out, cannot be afforded. 

Among the motivations that have been 
advanced as favoring the conquest of 
space, the speaker continued, are: (1) 
The expansion of inhabitable space; 
(2) prospecting and resource exploitation; 
(3) exploration and _ scientific curiosity; 
and (4) military exploitations. 

Mr. Chillson warned the audience 
against becoming overoptimistic concern- 
ing the imminence of space travel. He 
pointed out the parallel between the 
promises of push-button warfare following 
World War II and those of interplanetary 
travel today. Many costly and ineffec- 
tual decisions were made in attempting 
to first implement the promises of push- 
button warfare and then to cover up the 
failure to meet the ‘“tc-much, too-soon” 
goals prophesied. Avoidance of the same 
mistakes, he said, is a matter of vital 
importance to the American Rocket 
Society. 


Nominations Invited for ARS Awards 


Members of the ARS in good standing 
are hereby invited to nominate one or more 
candidates for the awards listed below to 
be presented at the 7th Annual Conven- 
tion of the American Rocket Society in 
New York, N. Y., November 30-December 
5, 1952. Nominations must be received 
by the Secretary of the Society before 
August 15, 1952. Each nomination must 
be signed by the nominator and must 
contain the nominee’s full name, his pres- 
ent title and position, and a brief account 
of the principal achievements on which 
the award is to be based. 

The Robert H. Goddard Memorial Lecture 
Award shall be granted annually to the 
person or persons deemed by the Board of 
Directors to have made the greatest con- 
tributions during the year, or during a re- 
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cent period including the current year, to 
the development of rocket propulsion in 
the liquid propellant field. 

The C. N. Hickman Award shall be 
granted each year to the person who is 
deemed by the Board of Directors to have 
made the greatest contribution during the 
year, or during a recent period including 
the current year, to the development of 
rocket propulsion in the solid propellant 
field. 

The G. Edward Pendray Award shall be 
granted each year to the person who is 
deemed by the Board of Directors to have 
made a major contribution to the technical 
literature on rocket propulsion or the more 
general field of jet propulsion. The 
Award may be granted either for a book 
or for an outstanding paper. 


All nominations will be considered care- 
fully by the Awards Committee, which is 
headed by Mr. Raymond Young, presi- 
dent, Reaction Motors, Inc. The selec- 
tion of the award winners will rest entirely 
on the question of merit as judged by the 
Committee and will not be determined by 
the number of ‘votes’ received. This 
procedure of soliciting nominations has 
been instituted in order not to overlook 
worthy candidates who may not otherwise 
come to the attention of the Committee. 


UNESCO Book Coupons 
Available to Foreign 
Subscribers 


The JoURNAL OF THE AMERICAN 
Rocket Society is now available to 
subscribers in foreign countries where 
currency restrictions may be in force, 
through the use of the Book-Coupon 
System of the United Nations Educa- 
tional, Scientific, and Cultural Organ- 
ization. Since its inauguration in 1948, 
the UNESCO Book-Coupon System 
has enabled residents of foreign coun- 
tries to purchase publications in the 
fields of education, science, and culture; 
subscriptions to scientific periodicals; 
art reproductions; charts; globes; 
maps. 

The UNESCO Book Coupons may 
be purchased at authorized UNESCO 
agencies in the following countries: 
Austria, Cambodia, Ceylon, Czecho- 
slovakia, Egypt, France (including 
French Colonial Territories), Germany 
(Bundesrepublik), India, Indonesia, 
Israel, Italy, Pakistan, Persia, Syria, 
Thailand, Union of South Africa, 
United Kingdom (including British 
Colonial and Trust Territories), the 
United States, and Yugoslavia. 

Under the UNESCO Book-Coupon 
plan, the Coupons are sold to users for 
their national currency, at the official 
dollar rate prevailing on the day of sale. 
Subscribers may send their Coupons 
and orders directly to the Secretary, 
American Rocket Society, 29 West 39th 
Street, New York 18, N. Y., U.S. A. 


Third [AF Congress Meets 
in Stuttgart, Germany, 


Sept. 1-6 


HE Third International Astronautical 

Federation Congress, to be held at 
Stuttgart, Germany, Sept. 1-6, 1952, will 
consist of a six-day program during which 
leading scientists from Great Britain, 
Austria, Germany, and the United States 
will present papers on astronautics, space 
travel, and related subjects. 

The program from the Gesellschaft fiir 
Weltraumforschung, which is sponsoring 
the Congress, follows: 
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Program for Third IAF Congress in Stuttgart, Germany 


Sunday, August 31 


6:00 p.m., Uhr, Schlossgarten Restaurant, 
K@6nigstrasse 1, Am Hauptbahnhof, 
Nebenzimmer, Zwangloser Begriissun- 
gsabend. 


Monday, September 1 


9-10:00 a.m., Eréffnung des Kongresses 
und der Ausstellung “Raketen und 
Raumfahrt,’”’ Presseempfang im Lan- 
desgewerbemuseum 

10:30 a.m.—12:30 p.m., Erste Delegierten- 
sitzung (geschlossene Veranstaltung, 
nach besonderer Tagesordnung). 

2:00-6:00 p.m., Zweite Delegiertensit- 
zung. 

Park-Hotel, Villastrasse 21, Tagungssaal. 


Tuesday, September 2 
Park-Hotel, Villastrasse 21, Tagungssaal: 
9:00 a.m.—12:30 p.m., Dritte Delegier- 

tensitzung. 


2:00-6:00 p.m., Vierte Delegiertensitzung. 


Wednesday, September 3 


8:00 a.m.-6:00 p.m., Schlossplatz (vor- 
dem Schloss). Tagesausflug. Abfahrt 
mit Autobussen in den Schwarzwald 
(Wildbad/Freudenstadt ). 


Thursday, September 4 
Vortrige im Vortragssaal des Landes- 
gewerbemuseums, Kienestrasse 18. 
8:30-9:00 a.m., Ing. J. Stemmer (SAA): 
“Astronautische Grundlagenforschung 

auf internationaler Basis’’ (?) 


September 4 (Cont.) 


9:15-9:45 a.m., Prof. Dr. F. Hecht (OGfW): 
“Chemische Probleme des Weltraum- 


flugs.”’ 
10:00-10:30 a.m., G. V. E. Thompson, 
B.Sc., A.R.C.S. (BIS): “Cost and 


Availability of High Energy Propel- 
lants.”” 

11:00-11:30 a.m., H. H. Kélle (GfW): 
“Zur Bestimmung des optimalen Brenn- 
kammerdrucks bei R-Triebwerken.” 

11:45 a.m.—12:15 p.m., ng. G. E. Janzon 
(GfW):  ‘Umlaufende  Fliissigkeits- 
pumpe fiir Grossraketen.”’ 

2 :00-2 :30 p.m., Ing. A. Hjertstrand (SIS): 
“Grundsiatzliches zur Frage des, un- 
bemannten und bemannten Raum- 
fahrzeugs.” 

2:45-3:15 p.m., Time reserved for AMERI- 
cAN Rocket Society. 

3:30-4:00 p.m., Ing. H. Hoeppner (GfW), 
Dipl. Ing. H. Kiihme: “Die Weiter 
entwicklung der optimalen  Last- 
rakete.”’ 

4:30-5:00 p.m., time reserved for AMERI- 
cAN Rocket Society. 

5:15-5:45 p.m., Dr. H. Krause (GfW): 
“Die Stérungen d. Aussenstations- 
bah.” 


Friday, September 5 


Vortrage im Vortragssaal des Landesge- 
werbemuseums, Kienestrasse 18: 


8:30-9:00 a.m., Dr. K. Wiese (Nuwd. 
GfW): “Das Problem der Strahlung 
im Weltraum.” 

9:15-9:45 a.m., Dr. L. R. Shepherd 
(BIS): “Possible Cosmic Ray Haz- 
ards.” 


September 5 (Cont.) 


10:00-10:30 a.m., Prof. Dr. J. Eugster 
(SAA): “Die biologische Wirkung der 
kosmischen Strahlung, Methoden und 
neueste Ergebnisse.” 

11:00-11:30 a.m., A. E. Slater, M.A. 
M.R.C.S., L.R.C.P. (BIS): “Sensory 
Perceptions of the Weightless Condi- 
tion.”’ 

11:45 a.m.-12.15 H. K. Kaise; 
(Nwd. GfW): “Physische Verhiltniss: 
und Lebensbedingungen auf anderet 
Planeten.” 

2:00-2:30 p.m., Dr. A. Meyer (GfW): 
“Rechtliche Probleme des Weltraum- 
flugs.”’ 

2:45-3:15 p.m., Dr. R. Merten (GfW): 
“‘Hochfrequenztechnische Probleme de: 
Weltraumflugs.”’ 

3:30-4:00 p.m., Dr. R. Horten (GfW): 
“Zur Aerodynamik gefliigelter Raketen’’ 
(?) 

4:30-5:00 p.m., time reserved for AMERI- 
CaN RocKET Sociery. 

5:15-5:45 p.m., Prof. H. Oberth (GfW): 
“Gegenwartige und zukiinftige Prob- 
leme des Weltraumflugs.”’ 

8:00-9:00 p.m., Prof. Dr. W. von Braun 
(GfW-ARS-BIS):  ‘“Weltraumfahrt— 
eine internationale Gemeinschattsauf- 
gabe.” 


Saturday, September 6 


9:00-12:30 p.m., Technische Werke, 
Lautenschlagerstrasse, Kinosaal Film- 
Matinée: “Raketen im Film.” 

7:00 p.m., Uhr Kursaal, Bad Cannstatt— 
Empfang der Kongressgiste durch die 
GfW und die Stadt Stuttgart. 


the manuscript. 


NOTICE TO CONTRIBUTORS 


Manuscripts submitted for publication must be double-spaced originals. 
be wide margins at both sides of the sheet and triple spacing around formulas to allow for the 
marking of directions for the printer. 

Original drawings (jet black India ink on white paper or tracing cloth) should accompany 
(Blueprints are not acceptable.) Photographs must be on glossy white paper. 
The smallest lettering on 8- by 10-in. figures should be no less than !/, in. high. 

Only the simplest formulas should be typewritten, all others should be carefully written 
in pen and ink. The difference between capital and lower-case letters and Greek symbols 
should be clearly distinguished. 


SEE INSIDE BACK COVER OF THIS ISSUE FOR FURTHER DETAILS 


There should 
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Technical Literature Digest 


H. S. SEIFERT, California Institute of Technology, Associate Editor 


F. C. Gunther 
H. S. Seifert 
F. H. Wright 


Contrisutors: D. Altman 


D. I. Baker 
R. B. Canright 


Book Reviews 


PLANETS, THEIR ORIGIN AND DE- 
VELOPMENT, by Harold C. Urey, Yale 
Univ. Press, New Haven, 1952, xiii + 
245 pp. $5. 


Reviewed by CHarLes Hewitt Dix 
California Institute of Technology 


This remarkable study by Dr. Urey 
represents one of the most stimulating 
pieces of investigation that this reviewer 
has read for years. The author has waded 
into this problem and made what appears 
to be a real dent in it after a relatively 
short period of intensive study. The ques- 
tion of the origin of the solar system has 
challenged many of the best minds in the 
world; including Kant, Laplace, Poin- 
caré, Jeans, Jeffreys, and others. Those 
who are convinced that scientific investi- 
gation should be applied only to problems 
of established solvability will do well to 
avoid this book! Others will find this book 
exciting reading, though never trivial or 
thin. Some background is necessary in the 
physical sciences, e.g., physics, chemistry, 
astronomy, and geology. 

The first chapter, The Origin of the 
Solar System, reviews the current ideas of 
stellar evolution and the application of 
these ideas to the problem of the evolution 
of the solar system. The second chapter is 
a careful descriptive study of the features 
of the moon. The moon with no erosion 
agents presumably gives us good hints re- 
garding collision craters for a great variety 
of objects, several of which appear to have 
been quite large. The moon can preserve 
very old evidence of impact craters. The 
earth is eroded. 

The third chapter is a survey of evidence 
from the terrestrial planets with emphasis 
on the earth. Questions regarding the 
origin of the fluid core (known from seis- 
mology ), the evolution of the atmospheres, 
and the main features of the bodies are 
discussed. The fourth chapter refers to 
chemical processes. Since chemical forces 
play a major part in the aggregation proc- 
esses, questions of chemical thermody- 
namics play an important role. Some of 
the hypotheses of the past are shown to be 
highly improbable. The notion of a very 
hot origin is discarded for what appear to 
be good reasons. The fifth chapter refers 
to the very difficult problem of the earth’s 
heat balance. A convective earth of high 
viscosity is tentatively accepted. The 
sixth chapter is on the abundance of the 
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elements in the universe and the chemical 
composition of the solar system. The ad- 
vances made in recent years in this part of 
geochemistry and astrophysics are ably 
reviewed, and their bearing on the general 
problem clearly discussed. 

A summary chapter, appendices, and a 
good index are included. A very fine large 
photo of the moon is included as a folded 
plate. 

The book represents a truly remarkable 
collection of a wide variety of kinds of 
data, of kinds of investigations, and of 
hypotheses. The greatest effort is made 
to push to conclusions along many dif- 
ferent deductive lines and confront con- 
clusions with observations and with other 
conclusions. As the author states, new 
facts and further work will alter many of 
the results of his work. No one can doubt 
that the author has made an important 
and, for future and present workers in the 
field, a highly stimulating contribution. 


THE ExpLoraTION oF Space, by Arthur 
C. Clarke, Harper & Bros., New York, 
1952, xiii + 199 pp. $3.50. 


Reviewed by F. C. Duranz, III, 
Lt. Cmdr., U. S. Navy 


Close upon the heels of “Interplanetary 
Flight,” the author has published this new 
work which, although covering in more de- 
tail much the same ground, is destined, 
however, for a wider audience. The pres- 
entation is nontechnical but scientifically 
accurate within generally accepted limits. 
All known problems which will be encoun- 
tered in space flight are treated with lucid- 
ity and freshness of approach. One feels 
that some subjects are treated with brevity 
because of press of space rather than com- 
petency of the author, an experienced 
young physicist turned writer. 

The book contains 18 chapters. Com- 
mencing with a review of history of in- 
terest in space flight, both ancient and 
modern concepts are briefly noted. In 
successive chapters the principles of rocket 
propulsion and dynamics of “escape’’ and 
space flight follow. An introduction to 
astronomy is introduced to establish rela- 
tive distances and to postulate what may 
be found at the end of a journey to the 
moon and planets. Next the artificial 
earth satellite (space station) as a key to 
interplanetary flight is developed. Fin- 
ally, the author soars on to the possibility 
and ramifications of interstellar flight. Of 


particular interest is his treatment of the 
relativity aspects of flight approaching the 
speed of light and the resultant ‘‘stretch- 
ing of time.” To those unfamiliar with 
Einstein’s theory of special relativity, this 
will be a new and intriguing phase of the 
subject. The book closes on a philosophi- 
cal examination of the impact of the reali- 
zation of space flight upon man and his 
culture. 

The reviewer enjoyed ‘The Exploration 
of Space” immensely. Worthy of special 
mention are the fourteen well-chosen illus- 
trations. Many are new, particularly the 
excellent. drawings by R. A. Smith and the 
four four-color reproductions of paintings 
by Leslie Carr. This work is recommended 
for all libraries, personal and public, desir- 
ing basic works on space flight. 


THe HanpBook OF MEASUREMENT AND 
ContTrROL, edited by M. F. Behar, In- 
struments Publishing Co., Inc., Pitts- 
burgh, Pa., 291 pp. (of which approxi- 
mately 40% is advertising related to the 
text. Approximately 60% of the text 
was written by M. F. Behar, the re- 
mainder being contributed by twelve 
other authors). 


Reviewed by R. Srorrt, 
Jet Propulsion Laboratory 
California Institute of Technology 


This handbook, as noted in the preface, 
is intended to bring information to the 
“instrument’’ man (a title rather indis- 
criminately applied to scientist, engineer, 
or application or maintenance man) con- 
cerning classification, operation, and ap- 
plications of instruments. Instruments are 
defined as all indicating, recording, inte- 
grating, controlling, and computing de- 
vices used in measurement, inspection, 
testing, and control applications. 

The contents consist of 16 chapters de- 
scribing methods for the measurement or 
control of temperature, flow rate, pressure, 
speed, electrical quantities, physical prop- 
erties and dimensions, chemical proc- 
esses, and nuclear reactions, with special 
emphasis on the classification of systems 
andinstruments. Becausecfthe complexity, 
diversity, and rapid advancement of the 
field, it is a difficult, if not impossible, task 
to produce a handbook adequately en- 
compassing the subject described; how- 
ever, the contents should be of special in- 
terest to industrial instrument application 
or maintenance personnel, and many of the 
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systems and techniques described are of 
value in connection with instrument de- 
velopment problems. 


Patomar, by Helen Wright, The Mac- 
millan Co., New York, 1952, xi + 188 
pps. $3.75. 


Reviewed by Howarp 8. SEIFERT 
Jet Propulsion Laboratory 
California Institute of Technology 


This well-written and elegantly illus- 
trated little book is an anecdotal history of 
one of the most glamorous scientific ad- 
ventures of an era distinguished for many 
technical achievements—the building of 
the 200-in. reflecting telescope at Mt. 
Palomar. It traces the progress of the 
telescope from the time it was an inspira- 
tion in the mind of George Ellery Hale, its 
noted sponsor, until it was dedicated in 
1948. Much light is shed on the diplo- 
matic maneuverings necessary to get the 
money for so large a project. 

Miss Wright has been trained as an as- 
tronomer and has already achieved dis- 
tinction as the author of ‘‘A Treasury of 
Science.’’ She includes clear qualitative 
descriptions of the physical processes of the 
telescope and its uses, which are under- 
standable to a general audience. Her ma- 
terial is authentically documented, being 
gathered in the course of the preparation of 
an Official biography of George Ellery 
Hale. 

It is interesting to speculate whether a 
similar history will some day be written of 
another stirring project—the space rocket 
—which today stands about where the 
200-in. telescope did in 1920. 


HicH-SreeD PHoroGrapHy, vol. 3, pub- 
lished by the Journal of the Society of 
Motion Picture and Television Engineers, 
1951, 159 pp., illus. 


Reviewed by R. W. Bowersox, 
Jet Propulsion Laboratory 
California Institute of Technology 


Volume 3 of this series on high-speed 
photography, like its two predecessors, is 
comprised of a number of short papers 
which have been presented at the conven- 
tions of the Society of Motion Picture and 
Television Engineers during the past two 
years. Since the first two volumes have 
discussed in some detail the various com- 
mercially available high-speed cameras as 
well as special cameras constructed for res 
search in this country and abroad, this 
volume merely continues with the discus- 
sion of further camera and light-source de- 
velopment. The material is mainly de- 
scriptive in nature although it contains 
details of a number of the circuits used in 
synchronizing the cameras with the action 
to be photographed. 

One of the three new cameras described 
in this volume is that developed by M. 
Sultanoff at the Aberdeen Proving Ground, 
Md., for the photography of self-luminous 
detonation and shock waves. Since these 
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transients travel at a speed of about 25,000 
ft/sec, the photographic exposures should 
not exceed 1/10 microsec. Mr. Sultanoff 
has constructed a camera capable of taking 
up to 300 frames at a rate of 100,000,000 
pictures per sec. The picture is photo- 
graphed through a moving grid composed 
of a large number of narrow parallel slits 
and must be viewed through the same set 
of slits. The final effect is similar to that 
used in certain animated greeting cards. 

Perhaps of most interest to the readers 
of the ARS JourNAL is the paper on photog- 
raphy in the rocket test program at 
Inyokern, Calif., which describes the 
Askania, Bowen, Mitchell, and Eastman 
high-speed cameras used in the photog- 
raphy of rocket trajectories. The As- 
kania and Mitchell cameras track the mis- 
sile throughout its range and give accurate 
data on position, roll, pitch, etc. The 
Bowen camera is nontracking and is there- 
fore used on short trajectories. Interesting 
photographs are given of the various types 
of cameras in use in the field as well as 
sample results obtained from each camera. 

Other papers of particular interest are 
one which describes the pressured ballistic 
range at the Naval Ordnance Laboratory 
and one on photography of underwater 
explosions at depths down to two miles. 
At the end of this volume is a complete 
bibliography on high-speed photography 
which will prove to be very useful to all 
workers in this field. 


Books 


Gas Turbine Theory, by H. Cohen and 
G. F. C. Rogers, Longmans, Green, and 
Co., London, New York, Toronto, 1951, 
ix +291 pp. 30s. 

The Artificial Satellite, edited by L. J. 
Carter, Proceedings of the Second Intei- 
national Congress on Astronautica, The 
British Interplanetary Society, 1951, 74 
pp. 5s. 

Aircraft Materials and Processes, by 
George F. Titterton, Pitman Publishing 
Co., New York, Toronto, London, 1951, 
xix + 359 pp. 

Metals at High Temperatures, by Fran- 
ces H. Clark, Reinhold Publishing Corp., 
New York, 1950, 372 pp. $7. 

Engineering Materials, by Joseph 
Marin, Prentice-Hall, Inc., New York, 
1952, ix + 491 pp. 

Foundations of High Speed Aerodynam- 
ics, edited by George F. Carrier, Dover 
Publications, Inc., New York, 1951, 286 
pp. $1.75. 

Astronomy of Stellar Energy and Decay, 
by Martin Johnson, Dover Publications, 
Inc., 216 pp. $3.50. 

Aircraft Jet Powerplants, by Franklin 
P. Durham, Prentice-Hall, Inec., New 
York, 1951, 326 pp. 


Jet Propulsion Engines 


Performance Data and Operating Ex- 
perience of a Pressure Jet Helicopter, by 


I. B. Bensen, Inst. Aero. Sci. Rep. 362, 
23 pp. and photos. 

Use of Atomic Energy in Turbojets 
Under Study, by D. J. Schrum, SAE J/., 
vol. 60, March 1952, p. 85. 

Power Plants for High-Speed Aircraft, 
by A. D. Baxter, J. Roy. Aero Soc., vol. 
55, Oct. 1951, pp. 6420-6450. 

The Future Evolution of the Bomber, 
by E. Sanger, Jnteravia, vol. VII, 1952, pp. 
139-143. 


Rocket Propulsion 
Engines 


Steady-State One-Dimensional Flow in 
Rocket Motors, by E. W. Price, J. App’. 
Phys., vol. 23, Jan. 1952, pp. 142-146. 

One-Dimensional Steady-State Flow in 
Solid Propellant Combustion Chamber-, 
by E. W. Price, USN-BuOrd, NAVORD- 
R-1300, Sept. 28, 1951, 50 pp. 

Designing the Viking Rocket, by W. CG. 
Purdy, Machine Design, vol. 24, Marci 
1952, p. 164 and pp. 196-200. 

Propulsion by Rocket, by S. Allen, 
Canad, Aviation, vol. 25, March 1952, | 
27. 


Heat Transfer and Fluid 
Flow 


Supersonic Flow Through Nozzles witli 
Rotational Symmetry, by Yu Why Chen. 
Comm. Pure Appl. Math., vol. V, 1952. 
pp. 57-86. 

Critical Flow Through Convergent-Di- 
vergent Nozzles, by J. Kestin and J. A. 
Owezarek, Airer. Engng., vol. 23, Oct. 1951. 
pp. 305-307. 

Critical Flow Through Convergent 
Nozzles, by D. B. Spalding, Airer. Engng.. 
vol. 23, Aug. 1951, p. 238. 

The Fully Developed Channel Flow in « 
Rotating System (in German), by H. Lud- 
wieg, Jng.-Arch., vol. 19, 1951, pp. 296-308. 

A Preliminary Study of Reynolds Num- 
ber Effects on Base Pressure at M-2.95, by 
S. M. Bogdonoff, J. Aero. Sci., vol. 19, 
March 1952, pp. 201-206. 

A Study of Transonic Gas Dynamics by 
the Hydraulic Analogy, by E. V. Laitone, 
J. Aero. Sci., vol. 19, April 1952, pp. 265 
272. 

An Introduction to the General Equa- 
tions of Fluid Dynamics, by G. N. Patter- 
son, Toronto Univ. Inst. Aerophysics, 
Rev. No. 3, Dec. 1950. 

Pressure Energy and Bernoulli’s Prin- 
ciple, by G. A. Lindsay, Amer. J. Phys., 
vol. 20, Feb. 1952, pp. 86-88. 

Experiments on Interaction of Shock 
Waves and Cylindrical Bodies at Super- 
sonic Speeds, by M. V. Morkovin, E 
Migotsky, H. E. Bailey, and R. E. Phinney, 
J. Aero.Sci., vol. 19, April 1952, pp. 237- 
248. 

On Weak Interaction of Strong Shock 
and Mach Waves Generated Downstream 
of the Shock, by B. T. Chu, Inst. Aero 
Sci. Rep. 357, 53 pp. and plates. 

Evaporation from Drops. pt. I, by W. 
E. Ranz and W. R. Marshall, Jr., Chem. 
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Engng. Prog., vol. 48, March 1952, pp. 
141-146. 

Viscous Energy Dissipated During the 
Atomization of a Liquid, by G. W. Monk, 
J. Appl. Phys., vol. 23, Feb. 1952, p. 288. 

effect of the Turbulence of a Liquid 
Jet on Its Atomization (in Russian), by 
N.S. Panasenkov, Zh. tekh. Fiz., vol. 21, 
Feb. 1951, pp. 160-166. 

Hydrodynamic Experiments with Rigid 
Cylindrical Tanks Subject to Transient 
Motions, by L. 8S. Jacobsen and R. S. 
Ayre, Bull. Seism. Soc. Amer., vol. 41, 
Oct. 1951, pp. 313-346. 

Pressure Oscillations in a Centrifugal 
Pump and Analytical Determination of 
the Pump Characteristics (in German), 
by M. I. I. Rashed, Zurich, Mitt., vol. 3, 
1951, 55 pp., 48 pp. of figs. 

An Experimental Investigation of Pro- 
tection Achieved by Sweat Cooling on 
Porous Surfaces Adjacent to Non-Porous 
Surfaces, by E. Duncombe, Canad. Nat. 
Research Labs., Div. Mech. Engng. Re- 
port MT-20, Jan. 22, 1951, 54 pp. 

An Experimental Investigation of the 
Isothermal Laminar Boundary Layer on a 
Porous Flat Plate, by P. A. Libby, L. 
Kaufman, and R. P. Harrington, J. Aero. 
Sci., vel. 19, Feb. 1952, pp. 127-134. 

Application of the von Kirmdn Momen- 
tum ‘Vheorem to Turbulent Boundary Lay- 
ers, by J. M. Bidwell, NACA TN 2571, 
Dec. 1951, 25 pp. 

Theory of Turbulent Flow and Its Ap- 
plication to Flow Resistance and Heat 
Transfer, by D. Johnson, Engineers’ Di- 
gest, vol. 18, Feb. 1952, pp. 51-54. 

Analytical and Experimental Investi- 
gation of Fully Developed Turbulent 
Flow of Air in a Smooth Tube with Heat 
Transfer with Variable Fluid Properties, 
by R. Deissler and C, Eian, NACA 
1N 2629, Feb. 1952, 43 pp. 

Heat Transfer from Spheres to a Rare- 
fied Gas in Supersonic Flow, by R. M. 
Drake, Jr., and G. H. Backer, Ann. Meet- 
ing ASME, Atlantic City, 1951, Paper 
51-A-55, 9 pp. 

Nonsteady Heat Diffusion Problem with 
Spherical Symmetry, by M. S. Plesset and 
8. A. Zwick, J. Appl. Phys., vol. 23, Jan. 
1952, pp. 95-98. 

Supersonic Flow with Variable Specific 
Heat, by F. P. Durham, J. Appl. Mech., 
vol. 19, March 1952, pp. 57-62. 

Measurement of Recovery Factors and 
Friction Coefficients for Supersonic Flow 
of Air ina Tube, by J. Kaye, J. H. Keenan, 
K. K. Klingensmith, G. M. Ketchum, and 
T. Y. Yoong, J. Appl. Mech., vol. 19, 
March 1952, pp. 77-96. 

Heat Transfer by Laminar Flow from a 
Rotating Plate, by K. Millsaps and K. 
Pohlhausen, J. Aero. Sci., vol. 19, Feb. 
1952, pp. 120-126. 


Combustion 


Chemiionization in Flames (in German), 
by H. Behrens, Naturwissenschaften, vol. 
38, 1951, pp. 187-188. 

Uber Ionisierung und Lumineszenz in 
Flammen, by E. Sanger, P. Goercke, and 
I. Bredt, Z. physik. Chem., vol. 199, Jan. 
1952, pp. 46-48. 


Juty-AuGust 1952 


An Active Particle Diffusion Theory of 
Flame Quenching for Laminar Flames, by 
D. M. Simon and F. E. Belles, NACA 
Research Memo. E5118, March 4, 1952, 
24 pp. 

Studies on the Ionization Produced by 
Metallic Salts in Flames. III. Ionic 
Equilibria in Hydrogen/Air Flames Con- 
taining Alkali Metal Salts. IV. The 
Stability of Gaseous Alkali Hydroxides in 
Flames, by H. Smith and T. M. Sugden, 
Proc. Roy. Soc. Lond. (A), vol. 211, Feb. 
7, 1952, pp. 31-74. 

Rusbildung und Radikalgleichgewichte 
in Flammen, by H. Behrens, Z. phystk. 
Chem., vol. 199, Jan. 1952, pp. 1-14. 

Flame Speeds of Methane-Air, Pro- 
pane-Air, and Ethylene-Air Mixtures at 
Low Initial Temperatures, by G. L 
Dugger and S. Heimel, NACA TN 2624, 
Feb. 1952, 25 pp. 

Flame Speeds of 2, 2, 4-Trimethylpen- 
tane-Oxygen-Nitrogen Mixtures, by G. L. 
Dugger and D. D. Graab, NACA TN 
2680, April 1952, 25 pp. 

Variation of Pressure Limits of Flame 
Propagation with Tube Diameter for 
Various Isooctane Oxygen Nitrogen Mix- 
tures, by A. E. Spakowski and F. EF. Belles, 
NACA Research Memo. E52A08, March 
3, 1952, 20 pp. 

Pre-Ignition Reactions of Some Com- 
bustible Substances with Solid Oxidants, 
by S. Patai and E. Hoffman, J. Appl. 
Chem., vol. 2, Jan. 1952, pp. 8-11. 

The Time Required for Constant-Vol- 
ume Combustion, by A. 8. Campbell, J. 
Appl. Mech., vol. 19, March 1952, pp. 72- 
76. 

A Contribution to the Theory of the 
Development and Stability of Detonation 
in Gases, by A. K. Oppenheim, J. A ppl. 
Mech., vol. 19, March 1952, pp. 63-71. 

Nonisotropic Propagation of Combus- 
tion Waves in Explosive Gas Mixtures 
and the Development of Cellular Flames, 
by J. Manton, G. von Elbe, and B. Lewis, 
J. Chem. Phys., vol. 20, Jan. 1952, p. 153. 

The Theory of Flame Propagation and 
Detonation. III, by C. F. Curtiss, J. O. 
Hirschfelder, and D, E. Campbell, Johns 
Hopkins Univ. Appl. Phys. Lab. CM-690, 
Feb. 15, 1952, 98 pp. 

Kinetics of the Hydrogen /Oxygen Reac- 
tion. III. The Explosion Limit Equa- 
tion and Its Application, by D. R. War- 
ren, Proc. Roy. Soc. Lond. (A), vol. 211, 
Feb. 7, 1952, pp. 96-109. 

Cyanogen Flames and the Dissociation 
Energy of No, by N. Thomas, A. G. Gay- 
don, and L. Brewer, J. Chem. Phys., vol. 
20, March 1952, pp. 369-374. 

Current Theoretical Concepts of Steady- 
State Flame Propagation, by M. W. 
Evans, USN Squid/TR-27, 91 pp., 1952. 

Flame Propagation: The Measure- 
ment of Burning Velocities of Slow Flames 
and the Determination of Limits of Com- 
bustion, by A. Edgerton and 8. K. Thabet, 
Proc. Roy. Soc. Lond. (A), vol. 211, March 
20, 1952, pp. 445-471. 

Remarques sur les calculs de com- 
bustion, by U. T. Boedewadt and R. 
Engel, Rech. aéro., March-April 1952, 
pp. 19-30. 

Sur la stabilisation d’une onde de dé- 


flagration dans une conduite divergente, 
by M. Barrére, Compt. rend., vol. 234, 
March 24, 1952, pp. 1347-1349. 

On the Vaporization and Combustion 
Properties of Gasoline Spray, by F. Nagao 
and S. Ohigashi, Mem. Fac. Engng. Kycto 
Univ., vol. XIV, Jan. 1952, pp. 38-62. 

Non-Aqueous Soap Bubbles for Flame 
Studies, unsigned, Ballistic Research Labs., 
USA-Ord/APG, TN-575, Jan. 1952, 11 
pp. 

Phénoménes d’obstruction intervenant 
dans la stabilisation des flammes, by J. 
Fabri, R. Siestrunck, and C. Fouré, Rech. 
aérc., Jan.-Feb. 1952, pp. 21-27. 

Vitesse de propagation de la flamme 
dans des mélanges gazeux contenant de 
l'ammoniac, by P. Ausloos and A. Van 
Tiggelen, Bull. Soc. chim. Belges, vel. 
60, Sept.-Oct. 1951, pp. 483-448. 


Fuels, Propellants, and 
Materials 


Kinetics of the Vapor-Phase Decom- 
position of Nitric Acid (in French), by C. 
Frejacques, Compt. rend., vol. 232, 1951, 
pp. 2206-2207. 

Combustion of Liquid Mixtures with 
Tetranitromethane as the Oxygen Car- 
rier (in German), by H. Behrens, Z. 
Elektrochem., vol. 55, 1951, pp. 425-428 

The Mixture Nitrogen Pentoxide-Nitric 
Acid. Total Pressures and Partial Pres- 
sures (in French), by R. Vandoni, Mém. 
services chim. état, vol, 35, 1950, pp. 63-66. 

The Heat of Dissociation of Fluorine, 
by R. N. Doescher, Jet Propulsion Lab. 
Report 20-61, Nov. 2, 1951, 10 pp. 

Handling Hydrogen Peroxide, unsigned, 
Flight, vol. 61, Feb. 8, 1952, p. 155. 

The Spectra of Flames Supported by 
Fluorine, by R. A. Durie, Prec. Roy. Sac. 
Lond. (A), vol. 211, Feb. 7, 1952, pp. 
110-121. 


Structural Materials 


Titanium, Zirconium, Molybdenum, 
Tungsten, Tantalum, Columbium, Vana- 
dium, Hafnium as Engineering Materials, 
by J. L. Everhart, Materials and Methods, 
vol. 34, Dec. 1951, pp. 88-104. 

A Realistic Approach to the Use of Ti- 
tanium, by H. H. Hanink and V. An- 
thony, Product Eng., vol. 22, Nov. 1951, 
pp. 164-171. 

Ways to Weld Magnesium Alloys, by 
R. L. Nelson, Welding Engr., vol. 36, Nov. 
1951, pp. 52-56. 

Titanium Is Weldable, by T. A. Dick- 
inson, Welding Engr., vol. 36, Nov. 1951, 
pp. 39-41. 

Titanium in Aircraft Production, by 
W. S. Cockrell, Light Metal Age, Dec. 
1951, pp. 10-12. 

Corrosion of Welded 18/8 Type Chro- 
mium-Nickel Steels in Concentrated Nitric 
Acid, by H. T. Shirley, J. Zron Steel Inst., 
vol. 170, Feb. 1952, pp. 111-118. 

Fused Stabilized Zirconia and Refrac- 
tories, by O. J. Whittemore, Jr., and D. 
W. Marshall, J. Amer. Ceram. Soc., vol. 
35, April 1952, pp. 85-89. 
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Powder Metallurgy’s Contribution to 
High-Temperature Materials, by H. W. 
Greenwood, Metal Treatm., vol. 19, Feb. 
1952, pp. 75-80. 

Progress in Welding Light Alloys, by P. 
T. Houldcroft, Metallurgia, vol. 45, Feb. 
1952, pp. 81-84. 

Thermal Shock Tests on Gas Turbine 
Materials, by M. Bentele, Airc. Engng., 
vol. 24, Feb. 1952, pp. 32-38. 

The Experimental Approach to Aircraft 
Structural Research, by P. B. Walker, J. 
Aero. Sci., vol. 19, March 1952, pp. 145- 
160. 

Behavior and Conception of Metallic 
Frames (in French), by J. F. Baker, Rev. 
Soudure, vol. 7, 1951, pp. 128-146. 

On the Extension of the Hamilton Prin- 
ciple on Thermoelastic Phenomena (in 
German), by H. Parkus, Federhofer-Girk- 
mann-Festschrift, Franz Deuticke, Wien, 
1950, pp. 295-301. 

The Titanium Alloys Today, by W. L. 
Finlay, Metal Prog., vol. 61, Feb. 1952, 
pp. 73-78. 


Physical-Chemical Topics 


The Theory of Critical Phenomena, by 
B. H. Zimm, J. Chem. Phys., vol. 19, 1951, 
pp. 1019-1023. 

Nucleation in Very Rapid Vapor Ex- 
pansions, by A. Kantrowitz, J. Chem. 
Phys., vol. 19, 1951, pp. 1097-1100. 

Physicochemical Properties of the Inter- 
halogen Compounds, by N. N. Greenwood, 
Revs. Pure Appl. Chem., vol. 1, 1951, pp. 
84-120. 

The Nature of the Vapor State of Hy- 
drazine Monohydrate and Ethylenedi- 
amine Monohydrate, by L. V. Coulter, 
J. Amer. Chem. Soc., vol. 73, 1951, pp. 
3505-3506. 

Kinetics of Decomposition of Nitric 
Oxide at Elevated Temperatures. I. 
Rate Measurements in a Quartz Vessel, 
by H. Wise and M. F. Frech, J. Chem. 
Phys., vol. 20, Jan. 1952, p. 22. 

Investigation of Reactions of Nitrogen 
Oxides with the Fast-Scanning Infrared 
Spectrometer, by G. R. Cowan, A. R. 
Downie, and D. L. Rotenberg, Univ. of 
Minnesota Progress Report UMN/S35, 
Jan. 1, 1952, 20 pp. 

Conductance of Ammonium Nitrate in 
Water-Nitric Acid-Nitrogen Pentoxide 
Mixtures at Various Temperatures, by E. 
G. Taylor, C. A. N. Baker, and L. M. 
Lyne, Canad. J. Chem., vol. 29, 1951, 
pp. 452-460. 

The Thermal Conductivity of Imper- 
fect Gases, by M. Awano, Busseiron Kenyu 
(Researches on Chem. Phys.), vol. 43, 
1951, pp. 34-42. 

The Thermal Conductivity of Liquid 
Oxygen, by S. Prosad, Brit. J. Appl. 
Phys., vol. 3, Feb. 1952, pp. 58-59. 

Thermal Conductivities of Pure Metals 
at Low Temperatures. I. Aluminum, 
by F. A. Andrews, R. T. Webber, and D. 
A. Spohr, Phys. Rev., vol. 84, Dec. 1, 1951, 
p. 994. 

The Thermal and Electrical Conduc- 
tivity of Copper at Low Temperatures, by 
R. Berman, Proc. Roy. Soc. Lond., vol. 211, 
Feb. 7, 1952, pp. 122-128, 
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The Viscosities of Liquid Lithium, 
Rubidium and Caesium, by E. N. An- 
drade, Proc. Roy. Soc. Lond., vol. 211, 
Feb. 7, 1952, pp. 12-30. 

Emission and Absorption of Radiation 
by Spectral Lines with Doppler Contour, 
by S. S. Penner, J. Chem. Phys., vol. 20, 
March 1952, p. 507. 

Emission of Radiation from Diatomic 
Gases. II. Experimental Determination 
of Effective Average Absorption Coeffi- 
cients of Carbon Monoxide, by S. 8. Pen- 
ner and D. Weber, J. Appl. Phys., vol. 
22, 1951, pp. 1164-1167. 

Emission of Radiation from Diatomic 
Gases. III. Numerical Emissivity Cal- 
culations for Carbon Monoxide for Low 
Optical Densities at 300°K and Atmos- 
pheric Pressure, by 8S. 8. Penner, M. H. 
Ostrander, and H. S. Tsien, J. Appl. 
Phys., vol. 23, Feb. 1952, pp. 256-266. 

A Spectroscopic Investigation into the 
Structure of Diffusion Flames, by H. G. 
Wolfhard and W. G. Parker, Proc. Phys. 
Soc. Lond., vol. 65, pt. I, Jan. 1, 1952, 
pp. 2-19. 

The Excitation and Intensity Distribu- 
tion of CH Bands in Flames, by R. A. 
Durie, Proc. Phys. Soc. Lond., vol. 65, 
pt. 2, Feb. 1, 1952, pp. 125-128. 

Vibrational Spectrum of Ethylene Oxide, 
by H. W. Thompson and W. T. Cave, 
Trans. Faraday Soc., vol. 47, 1951, pp. 
946-950. 

Kinetics of OH Radicals from Flame 
Emission Spectra. IV. A Study of the 
Hydrogen-Oxygen Flame, by H. P. Broida 
and K. E. Shuler, J. Chem. Phys., vol. 
20, Jan. 1952, p. 168. 

On the Infrared Spectrum of Hydra- 
zine, by P. A. Giguére and I. D. Liu, J. 
Chem. Phys., vol. 20, Jan. 1952, p. 136. 

Dissociation of Hydrogen Molecules by 
Vibrational Excitation and Three-Body 
Recombination, by E. Bauer, Phys. Rev., 
vol. 85, Jan. 15, 1952, pp. 277-280. 


Instrumentation and 
Experimental Techniques 


Line-Reversal Techniques in the Deter- 
mination of Temperature of Gun Flash or 
Other Rapid Transient Phenomena, by 
J. T. Agnew, Trans. ASME, vol. 74, April 
1952, pp. 333-342. 

Use of Radiation from Incandescent 
Particles as an Indication of Flame Tem- 
perature, by E. K. Plyler and C. J. Humph- 
reys, J. Res. Nat. Bur. Stands., vol. 47, 
Dec. 1951, pp. 456-460. 

Temperature Measurement in Gases 
and Flames. Radiation Methods, by R. 
Jackson, Bull. Brit. Coal Utilisation Res. 
Assoc., vol. 15, 1951, pp. 205-219. 

Newer Methods of Gas Temperature 
Measurement, by R. Jackson, Bull. Brit. 
Coal Utilisation Res. Assoc., vol. 15, 1951, 
pp. 245-256. 

An Optical Method for Measuring 
Temperatures in an Enclosed Flame, by 
N. N. Sobolev and T. I. Shchetinin, Zh. 
eksp. teor. Fiz., vol. 20, 1950, pp. 356-370. 

An Instantaneous and Continuous So- 
dium-Line Reversal Pyrometer, by M. M. 
E] Wakil, P. 8S. Myers, and O. A Uyehara, 


Trans. ASME, vol. 74, Feb. 1952, pp. 255 
267. 

Grundsitzliches iiber spektroskopische 
Verfahren zur Messung von Temperaturen 
und Geschwindigkeiten sehr heisser und 
sehr schnell stré6mender Feuergase, by 1. 
Bredt, Z. Elektrochemie Berichte der Bun- 
sen Gesellschaft fiir physik. Chem., vol. 56, 
Jan. 1952, pp. 71-84. 

Apparatus for Imposing and Measuring 
Rapid Pressure Changes in Gases, by K. 
P. Coffin and S. H. Bauer, Rev. Sci. In- 
strum., vol. 23, March 1952, pp. 115-118. 

An Improved Method for the Measure- 
ment of the Velocity Profiles in Liquids 
by J. E. Caffyn and R. M. Underwood, 
Nature, vol. 169, Feb. 9, 1952, pp. 239 
240. 

Measurement and Control of the Leve! 
of Low Boiling Liquids, by A. Wexle 
and W. S. Corak, Rev. Sci. Instrum., vol 
22, Dec. 1951, pp. 941-945. 

Experimental and Theoretical Investi- 
gation of the Motion of a Symmetrica! 
Gyroscope Running upon a Pin (in Ger- 
man), by G. Heinrich, Ost. ng.-Arc., vol 
5, 1951, pp. 322-339. 

Developments in the Practical Use oi 
Photocells for Measuring Faint Light, by 
G. E. Kron, Astrophysical J., vol. 115, 
Jan. 1952, pp. 1-13. 

Development of Methods for Timing 
High-Speed Moving Pictures of Rocket 
Motor Exhaust Flames, by H. C. Menes, 
USN-BuAer/NARTS-R-13, Dec. 1951, 
15 pp. 

Resistance-Thermometer Measurements 
in a Low-Pressure Flame, by M. Gilbert 
and J. H. Lobdell, Jet Propulsion Lab., 
Calif. Inst. of Tech., Progress Report 20- 
163, Feb. 11, 1952. 

Radio Progress During 1951 (compre- 
hensive electronic survey), unsigned, Proc. 
Inst. Radio Engrs., vol. 40, April 1952, pp. 
388-439. 

A Computer for Correlation Functions, 
by F. E. Brooks, Jr., and H. W. Smith, 
Rev. Sci. Instrum., vol. 23, March 1952, 
pp. 121-126. 

Explanation of How the Maddida Com- 
puter Accomplishes Its Basic Operations, 
by L. G. Campbell, Jr., J. B. Rea Co. 
Report B-1-102, Aug. 22, 1951, 18 pp. 

The Design of Circuits Using Electro- 
Mechanical Devices, by R. A. Brooker, J. 
Sct. Instrum., vol. 29, Feb. 1952, pp. 45-52. 

Circuit Stability in Guided Missiles, by 
R. L. Kelly, Electronics, vol. 25, March 
1952, pp. 133-135. 

Simultaneous AM and FM in Rocket 
Telemetering, by W. C. Moore, Electronics, 
vol. 25, March 1952, pp. 102-105. 

The Matrix Telemetering System, by 
J. T. Mengel, N. R. Best, D. G. Mazur, 
and K. M. Uglow, Upper Atmosphere 
Research Report X, USN Research Lab., 


“ Washington, Report 3535, Sept. 19, 1951, 


87 pp., illus., folding charts. 

Multichannel FM-FM_  Telemetering 
System, by M. V. Kiebert, T’ele-Tech, vol. 
XI, March 1952, pp. 60-63. 

A Survey of Modern Methods of Pres- 
entation of Instrument Readings and 
Recordings, by L. B. S. Golds, Proc. 
Inst. Elect. Engrs., Pt. II, vol. 98, Dec. 
1951, pp. 671-685. 
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The Mass Spectrometer, by N. B. 
Hannay, Bell Labs. Record, vol. 30, 
Feb. 1952, pp. 64-69. 

Development of a Heat-Transfer Probe 
for Internal Combustion Engines (in 
German), by H. Kocak, Mitt. Inst. 
Thermodyn. Verbrennungemotor, ETH, 
Zurich, no. 9, 1950, 59 pp. 

Orientation of Orifices on Bodies of Revo- 
jution for Determination of Stream Static 
Pressure at Supersonic Speeds, by M. 
Cooper, NACA Tech. Note 2592, Jan. 
1952, 28 pp. 

The Spectrum Line Reversal Method of 
Measuring Flame Temperature, by A. G. 
Gaydon and H. G. Wolfhard, Proc. 
Phys. Soc. (London), vol. 65, pt. 1, Jan. 1, 
1952, pp. 19-24. 


Flight, Ballistics, and 
Vehicle Development 


Phenomena Associated with Flight of 
Ultra-Speed Pellets. I. Ballistics, by W. 
Allen, J. Rinehart, and W. White, J. 
Appl. Phys., vol. 23, Jan. 1951, pp. 132- 
137. Phenomena Associated with the 
Flight of Ultra-Speed Pellets. III. Gen- 
eral Features of Luminosity, Rine- 
hart, W. A. Allen, and W. C. White, J. 
Appl. Phys., vol. 23, March a: pp. 297- 
299. 

The Effect of Non-Uniform Surface 
Temperature on the Transient Aerody- 
namic Heating of Thin-Skinned Bodies, 
by A. E. Bryson and R. H. Edwards, Inst. 
Aero Sci. Rep. 365, 11 pp. + 4 figs. 

The Coriolis Effect, by J. E. McDonald, 
Sci. Amer., vol. 186, May 1952, pp. 72-78. 

Proportional Radio Control, by G. R. 
Urquhart, Aero Digest, vol. 62, Feb. 1951, 
pp. 20, 21, 73, 74, 91. 

Consol—a Radio Aid to Navigation, 
unsigned, H. M. Stationer’s Office, Lon- 
don, MCAP 59, Sept.-Oct. 1950. 

The Effect of Meteorological Conditions 
on the Measurement of Long Distances 
by Electronics, by C. I. Aslakson and O. 
O. Fickeissen, Trans. Amer. Geophys. 
Un., vol. 31, Dec. 1950, pp. 816-826. 

Tracking the “Bird,” unsigned, Flying, 
vol. 50, April 1952, pp. 9-11. 

Experimental Results of Continuous- 
Wave Navigation Systems, by F. 8. How- 
ell, Proc. Inst. radio Engrs., vol. 39, July 
1951, p. 841. 

Missile Guidance, by G. A. Long, Navi- 
gation, vol. 2, Dec. 1950, pp. 290-294. 

Rocket Navigation, by 8S. Herrick, Navi- 
gation, vol. 2, Dec. 1950, pp. 259-272. 

The Guided Missile—Precocious Prob- 
lem Child of the Military Art, by C. B. 
Millikan, Aero. Engng. Rev., vol. 11, April 
1952, pp. 52-56, 65. 

Push-Button Era Is Approaching, by 
D. A. Anderton, Aviation Week, vol. 56, 
Feb. 25, 1952, pp. 53-62. 

A Report on the Bumper Programme, 
by R. P. Haviland, J. Brit. Interplanetary 
Soc., vol. XI, Jan. 1952, pp. 9-13. 

The Upper Bavarian Rocket, unsigned, 
Interavia, vol. III, no. 1, 1952, p. 27. 

What We Know About the Moon, by P. 
A. Moore, J. Brit. Interplanetary Soc., vol. 
11, Jan. 1952, pp. 19-40.. 
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Solar System Notes—2, by P. A. Moore, 
J. Brit. Interplanetary Soc., vol. 11, Jan. 
1952, pp. 16-17. 


Hayden Planetarium Symposium on 


Space Travel, unsigned, held Oct. 12, 
1951, Hayden Planetarium, New York, 
reported in J. Brit. Interplanetary Soc., 
vol. 11, Jan. 1952, pp. 3-9. Papers: A 
Report on the Bumper Programme, by R. 
P. Haviland, pp. 9-13; Legal Aspects of 
Space Travel, by O. Schachter, pp. 14-16. 

Artificial Satellites—Key to Space 
Flight? by L. N. Thompson, /nteravia, vol. 
VII, March 1952, pp. 148-150. 

An Introduction to Celestial Navigation, 
by A. Bastide, Jnteravia, vol. 7, no. 1, 
1952, pp. 47-52. 

Man Will Conquer Space Soon, articles 
by W. von Braun, F. L. Whipple, J. Kap- 
lan, H. Haber, W. Ley, and O. Schachter, 
Collier’s, March 22, 1952, pp. 23-39. 


Other Classifications 


(Meteorology, Astrophysics, Etc.,) 


Research and Development in the 
United States Air Force, by D. L. Putt, 
SAE Quart. Trans., vol. 6, April 1952, pp. 
304-307. 

The Research and Development Board, 
by E. A. Speakman, Aero. Engng. Rev., 
vol. 11, April 1952, pp. 57-60. 

GE Plans Jet Research Center, un- 
signed, Aviation Week, vol. 56, March 10, 
1952, p. 17. 

Guided Missile Center, by J. T. Lewis, 


Ordnance, vol. 36, March-April 1952, pp. 
842-844. 

Semi-Annual Progress Report, Project 
Squid, unsigned, USN-Squid, SPR, Oct. 
1, 1951, 188 pp. 

Results of Rocket and Meteor Research, 
by F. L. Whipple, Bull. Amer. Meteor. 
Soc., vol. 33, Jan. 1952, pp. 13-25. 

Satellite Rockets, unsigned, Flight, vol. 
61, Feb. 8, 1952, pp. 150-152. 


On the Possible Nature of Extra-Terres- 
trial Life, by J. England, J. Space Flight, 
vol. 4, Feb. 1952, pp. 1-3. 

Lunar Reflection of UHF Communica- 
tions, unsigned, Tech. News Bull., vol. 36, 
March 1952, p. 35. 

Excess Radio Noise from Solar Flares 
and Sunspots, by R. Q. Twiss, Nature, vol. 
169, Feb. 2, 1952, pp. 185-186. 

A Vertical Shaft for the Production of 
Thick Artificial Clouds and for the Study 
of Precipitation Mechanics, by R. Gunn, 
J. Appl. Phys., vol. 23, Jan. 1952, pp. 
1-5, 

Time-Sections of the Lowest 5000 Feet, 
by J. Z. Holland, Bull. Amer. Meteor. Soc., 
vol. 33, Jan. 1952, p. 1. 

Nuclear-Energy Propulsion, by L. N. 
Thompson, Flight, vol. LX, Nov. 23, 
1951, pp. 656-658. 

Aircraft Nuclear Propulsion, by M. C. 
Leverett, Aeronaut. Eng. Rev., vol. 11, 
Jan. 1952, pp. 29-33; Engrs. Digest, 
vol. 12, Dec. 1951, pp. 391-394. 

Low-Cost Atomic Furnace, unsigned, 
Tron Age, vol. 169, Jan. 24, 1952, pp. 75-77. 


MODEL 408 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 


After conducting a na- 
tion-wide survey among 
the users of oscillograph 
equipment and carefully 
considering the problems 
which have confronted 
them for a number of 
years, Century is proud 
to offer the Model 408 
Oscillograph. This Oscil- 
lograph has been de- 
signed and built ex- 
pressly for mobile and 
airborne operation. As 
with all Century products, 


this oscillograph incorporates the utmost in modern design and work- 
manship, yet it remains simple in its operation and maintenance. 


Write for Bulletin CGC-302 


oe Broadway, New 
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Here lining material 
for uncooled rocket motors 


Exceptional resistance to the high 
temperature and severe erosive 
conditions developed in uncooled 
rocket motors is offered by spe- 
cial silicon carbide liners and 
throats. In comparative tests they 
have outlasted metals by several 
times. 

Information is available upon 
request to Dept. RS-52, Refractor- 
Shown here is a group of liner and throat shapes made by The Carborundum Company. ies Div., The Carborundum Co., 
Perth Amboy, N. J. 


Silicon Carbide linings by 


CARBORUNDUM 


Trade Mark 


“Carborundum” is a registered trademark indicating manufacture by The Carborundum Company. 


The California Institute 
a of Technology Get the Facts about | 


Jet Propulsion Laboratory 
Pasadena, California 


. .. has several openings in the following engineering fields: 


Preliminary Design 

Engineering Analysis 
Aerodynamics 
Aerodynamic Heating 

Heat Transfer 

Thermodynamics 

Dynamics 

Structural Studies 

Statistical Studies 

Structural Design 

Propulsion System Development 

Test Engineers—Wind Tunnel 
Experience in supersonic 
wind-tunnel tests desirable 


Discover the 

greater opportuni- 
ties offered engi- 
neers by the 
greatest diversity of 
projects of any air- 
craft company in the 
East! Write today 
for fact-packed 
brochure. 


Excellent opportunity exists to learn all phases related to 
missiles, rockets and wind tunnel test operations. Apply 
giving details pertaining to academic background and work 


SEND FOR ENGINEERING BROCHURE 


! THE GLENN L. MARTIN COMPANY 
JET PROPULSION ties at Martin. 
LABORATORY 
4800 Oak Grove Drive DN 
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From the “Birthplace 
of Phantom Shapes 


New Water-Baseo WEAPONS 


Seaplane research is bringing new phantoms to life in Stevens Tech’s 
towing tanks, testing ground for the U.S. Navy Marlin’s advanced hull design. 


Bringing such advancement as 
the Martin M-270 experimental 
hull, delicately instrumented 
models prove today’s dreams for 
tomorrow’s air-sea power at the 
Experimental Towing Tank, 
Stevens Institute of Technology. 
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AN instrument-covered seaplane model 
knifes through the waters of a Stevens 
Tech towing tank. A Naval Bureau of Aero- 
nautics researcher pores over plans for a jet- 
powered, swept-wing flying boat. A Martin 
engineer makes dreams take wings on his 
drawing board. And, step by step, planes that 
combine water-based mobility with land-based 
speed come closer to reality! 


Latest product of seaplane research teamwork, 
today’s advanced Martin P5M-1 Marlins add 
new sinews to our Navy’s anti-submarine 
forces. Their performance is in the tradition of 
the history-making Martin seaplane flight to 
Catalina in 1912, the famous Martin China 
Clipper, the dramatic rescues of Mariner 
patrol planes and the record-load-carrying 
Mars flying boats of World War II. 


Today’s seaplane research promises to make 
their jet-powered successors tomorrow even 
more potent weapons in America’s arsenal! 
Tue Gienn L. Martin Company, Baltimore 
3, Maryland. 


@ 


AIRCRAFT 


Builders of Dependable Aircraft Since 1909 


DEVELOPERS AND MANUFACTURERS OF: Navy P5M-1 Marlin 
seaplanes e¢ Air Force B-57A Canberra night intruder bombers 
Air Force B-61 Matador pilotiess bombers Navy P4M-1 
Mercator patrol planes « Navy KDM-1 Plover target drones 
* Navy Viking high-altitude research rockets « Air Force XB-51 
developmental tactical bomber Martin airliners Guided 
missiles ¢ Electronic fire control & radar systems « LEADERS IN 
Building Air Power to Guard the Peace, Air Transport to Serve It. 
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hillips 


SCIENTISTS 
ENGINEERS 


Responsible Positions 


Now Open In 
Technical Development 
and Production of 


SOLID PROPELLANTS 
AND ROCKET UNITS 


Opportunity for those 
with experience in chem- 
istry, quality control, 
processing or unit design 
of solid propellant manu- 


facture. 


LONG RANGE PROGRAM 


Submit complete résumé 
of your education and 
past experience. All re- 
plies held strictly con- 
fidential. 


Industrial Relations Manager 
Research and Development 
Department 


PHILLIPS 


PETROLEUM COMPANY 
Bartlesville, Oklahoma 


MODEL 409 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 


Model 409 with 
100 ft. Capacity Magazine 


Model 409 with 
50 ft. Capacity Magazine 


The Century Model 409 Oscillograph was designed for operation 
under the most adverse conditions and more especially, where space 
and weight considerations are limited. 


This Oscillograph is the smallest and most compact unit available on 
the present market, yet it incorporates many features found in larger 
oscillographs, such as trace identification, trace viewing, continuously 
variable paper speeds and others. The Model 409 Oscillograph has 
been tested and proven to record faithfully during accelerations in 
excess of 20 g’s. This makes it especially desirable for uses such as 
missile launching, parachute seat ejection, fighter aircraft and torpedo 
studies. 


Write for Bulletin CGC-303 and CGC-301 


GEOPHYSICAL CORPORATIO 


ULSA, OKLAHOM 
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INDUSTRIAL 


SOUND CONTROL 


INDUSTRIAL 
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SOUND 


INDUSTRIAL 


SOUND CONTROL 


INDUSTRIAL 


INDUSTRIAL 


CONTROL @ INDUSTRIAL SOUND O 
= 

rocket 

silenced by 

iSC mufflers 

e 

@ In the laboratory, in the test cell, on the wn 

airfield, hundreds of INDUSTRIAL SOUND as 
CONTROL installations are subduing the 

noise, heat and gas velocities generated dur- a 

ing testing of the big jets. = 

Whatever your noise problem, ISC’s skilled > 

engineering, design, and installation “know - 
how” — gained through years of practical 

experience — can help you, and is at your a 

instant service. 
We welcome the challenge of the unusual 

problem. For full information c 

WRITE ISC TODAY z 

Foreign Licensees: 9 
Cementation (Muffelite) Limited, London 

Les Travaux Souterrains, Paris oO 

Industrial Sound Control, Inc. 

ndustrial Sound Control, inc. - 

45 Granby Street, Hartford, Conn. <i 

2119 So. Sepulveda Bivd., Los Angeles, Calif. ° 


SOUND CONTROL 


What will be the chief function of the winged 
rocket in the development of interplanetary 
flight? 


Why will three distinct types of spaceships be 
required for space travel? 


How can a reconnaissance missile televise the 
far side of the Moon? 


What factors limit the probable use of nuclear- 
powered rockets? 


How will the braking rockets operate in a 
landing? 


NGULAR accelerometers 
are made by Statham Lab- 
oratories for measurement in 
ranges as low as + 1.5 radians 
per second per second. 


The design permits close 
balance against linear 
acceleration effects with a 
high degree of mechanical 
shock resistance and leads to 
a damping characteristic 
relatively insensitive 

to temperature. 

The transducer element, an 
unbonded strain gage bridge, 
provides an electrical output 
proportional to applied 
angular acceleration for 
recording or telemetering in 
conventional a.c. or 


d.c. circuits. 

Please request 
Bulletin No. 4.5. 

LABORATORIES 
Angeles 
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e answers to these and many 


the British Interplanetary Society. 


You will find th 


THE 


EXPLORATION 


SPACE 


by Arthur C. Clarke 


» In this soundly scientific analysis of the immediate 
future—and probable further development—of interplane- 
tary flight, full attention has been given to the difficulties— 
engineering, medical, and economic—which must be over- 
come. Nevertheless, its predictions and speculations are 
founded firmly on fact, or probabilities sufficiently strong 
to justify scientific prediction. 

> It is therefore on the basis of current rocket research, 
today’s engineering advances, and experiments with new 
fuels that Mr. Clarke undertakes his discussion of automatic 
missiles, orbital refueling, space stations, the construction 
and operation of spaceships, a lunar base, and the challenge 
of the outer planets. Illustrated with diagrams, as well as 
with black and white photographs and four plates in color, 
Clarke’s book is of vital importance for everyone concerned 
with advancing the frontiers of science. 

“Lucid and entertaining . . . technically accurate.’’— Journal 
of the Royal Aeronautical Society 

“Mr. Clarke has tackled the problem of getting away from 
the Earth and subsequent journeyings on strictly scientific 
lines and his careful study and analysis of all the various 
foreseeable difficulties makes intensely interesting and en- 
joyable reading.”—Journal of the British Astronomical 
Association 


$3.50 at all bookstores 


HARPER & BROTHERS 


49 East 33rd Street, N.Y. 16 


235 


‘Ses 
he muc 
: ions int 
cial quest n of 
other cru Chairma 
if 
| 
| | 
4 


Ever try to price-tag precisiony.. 


Absolute precision in a vital instrument—what’s 
it worth? 


. . . to the bomber pilot trusting to Kolls- 
man, instruments checked to one-ten-thou- 
sandth of an inch for accuracy. 


. . . to the ship’s banking all on the 
precision of his Kollsman sextant. 


At times such as these, can precision ever be price 
tagged? Yet its vital presence, or absence, is oft- 
times the margin between victory or chaos. 


Today—to maintain a free, strong America— 


KOLLSMAN INSTRUMENT CORPORATION 


ELMHURST, NEW YORK 


Kollsman is devising, developing and manufac- 
turing instruments of utmost — depend- 
ability and quality in the fields of: 


Aircraft Instruments and Controls ¢ Min- 
iature AC Motors for Indicating and 
Remote Control Applications ¢ Optical 
Parts and Optical Devices ¢ Radio Com- 
munications and Navigation Equipment 


And to America’s research scientists, seeking the 
answer to problems of instrumentation and con- 
trol—the facilities of Kollsman Research Labora- 
tories are immediately available. 


GLENDALE, CALIFORNIA 


SUBSIDIARY OF 


Standard coit PRODUCTS CO. INC. 
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2961 East Colorado Street 


Pasadena, California 


Designers and Manufacturers of photographic 
and electronic equipment and ordnance de- 
vices including metal parts for aircraft rockets 


and JATO’S. 


WANTED 


ENGINEERS and 
SCIENTISTS 


Unusual opportunities for outstanding and 
experienced men. 
These top positions involve preliminary and produc- 


tion design in advanced military aircraft and special 
weapons, including guided missiles. 


IMMEDIATE POSITIONS INCLUDE: 


% Electronic project engineers 

% Electronic instrumentation engineers 
% Radar engineers 

% Flight test engineers 

% Stress engineers 

% Aero- and thermodynamicists 

% Servo-mechanists 

*% Power-plant installation designers 
% Structural designers 

% Electro-mechanical designers 

% Electrical installation designers 

% Weight-control engineers 


Excellent location in Southern California. Gener- 
ous allowance for travel expenses. 

Write today for complete information on these essen- 
tial, long-term positions. Please include résumé of 
your experience & training. Address inquiry to Di- 
rector of Engineering, 


NORTHROP AIRCRAFT, INC. 


1041 E. Broadway, Hawthorne (Los Angeles County) Cal. 


SCINTILLA MAGNETO DIVISION 


BENDIX AVIATION CORPORATION 


SIDNEY, NEW YORK 


Manufacturers of Ignition Systems for Jet, Turbine and 
Piston Power Plants, Fuel Injection Equipment for Railway, 
Marine and Industrial Diesel Engines, Electrical Connectors, 


Ignition Analyzers, Moldings and Special Components. 
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LIQUID 


High performance, low cost, and relative 


OXYGEN 


ease of storage and handling make liquid oxygen 
not only the best oxidizer available but guarantee 
it a prominent place among high performance 
oxidizers in the future. 


Liquid oxygen has certain advantages when 
comparing oxidizers: 

1. A potential supply unlimited 

2. Production possible at source 

3. Inexpensive 

4. Non-toxic, non-corrosive, smoke-free 

combustion products 
5. Easily ignited and smooth burning 


6. Few limitations on component ma- 
terials of construction 

7. Not affected appreciably by ambient 
temperatures 


Arthur D. Little recently designed and con- 


Mechanical Division 


30 MEMORIAL DRIVE - 


ARTHUR D. LITTLE, Inc. 


CAMBRIDGE, MASS. 


structed an air-transportable plant for the sepa- 
ration of oxygen from air. This plant was designed 
to produce 10 tons of liquid oxygen per day. 


Experience in the technology of producing, 
handling and storing liquefied gases aided the 
Mechanical Division of Arthur D. Little in the design 
of this plant where minimum weight, small size 
and purity of product were the prime objectives. 
The Mechanical Division has further used its experi- 
ence with liquid gases to design and produce the 
ADL Helium Refrigerator which is for the storage 
of liquid gases to reduce evaporation loss to zero. 

Although liquid oxygen is produced in war- 
time chiefly for use as a propellant it may also be 
used for welding operations and breathing aids 
when converted to gas by the ADL Liquid-Oxygen 
Pump. 


Send for catalog R-3, describing these and 
other products and services of the Mechani- 
cal Division. 
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SELF-ACTUATED 
CONTROLS AND REGULATORS 
for 


High pressure liquids and gases 


* | 
Hive Pressure Reducing | 
Back Pressure 
Relief and By-Pass oat 
ance Videos From Precision Instrument 
Screws... 

WALTHAM makes all 

vhen Special light weight units sizes and types of 

ws industria 

e and scientific use, in 

sizes from #0000-200 

Special materials for corrosive 

or low-temperature applications. 

free thread or  ultra-pre- 


cision roll thread 
products, as are now 
specified for many ap- 
plications. Parts are 
produced exactly to 
your specifications 
under rigid quality con- 


, GROVE CONTROLS, INC. 


6529 Hollis Street 


Emeryville California trol and inspection. 

No quantity is too large 

or too small. 

Send us your biveprints 
con- = for free estimates that are 
right and reasonable. 
ned Special screws, screw 

machine parts — of all 
materials — particular- 
Ing, ly stainless steels, in all 
the nishes. Includes cen- 
sign terless grinding. We 
specialize in manufac- 
—_— ture of unusual parts. 
ves. 
eri- Remember, an instrument is 
the only as good as its fasteners. 
| Waltham Fasteners make 
good instruments better. 
ero. 
_eeefo Accurate . 
be 
sids Metal Parts... 
gen | 
| SKILLED WORKERS, LATEST 
| EQUIPMENT, MODERN PLANT 
| are your guarantee of Quality. 
Depend on WALTHAM for 
G ne | Precision Accuracy * Uniformity 
d 
4 WALTHAM | | 
G. M. GIANNINI & CO., INC., Pasadena 1, Californi SCREW COMPANY 
le + Pasadena |, California i 
76 Rumford Ave., Waltham 54, Mass. 
| SCREW MACHINE PRODUCTS SINCE 1893 
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